
A UMT STATES
DEPARTMENT NBS TECHNICAL NOTE 593
PUBTHCATION

A- L
U.S.

S~ DEPARTMENT

s-iOF

National
Bureau

Sof Repro luc ed by

Standards NATIONAL TECHNICAL
.•' ~INFORMATION SERVICE •

.. • 
Sp~ngfield, Va 22151

-U.S



NATIONAL BUREAU OF STANDARDS

The National Bureat of Standards, was established by an act of Congress March 3,
1901.. The Bureau's overall goal is to strengthen and advance the Nation's science and
technology and facilitate their effective application fo. public benefit. To this end, the
Bureau conducts research and provides: (1) a basis for the Nation's physical measure-
ment system, (2) scientific and technological services for industry and government, (3)
a technical basis for equity in trade, and (4) technical services to promote public safety.
The Bureau consists of the Institute for Basic Standards, the Institute for Materials
Research, the Institute for Applied Technology, the Center for Computer Sciences and
Technology, and the Office for Information Programs.

THE INSTITUTE FOR BASIC STANDARDS provides the .entral basis within the
United States of a complete and consistent system of physical measurement; coordinates
that system with measurement systems of other nations; and furnishes essential services
leading to accurate and uniform physical measurements throughout the Nation's scien-
tific community, industry, and commerce. The Institute consists of a Center for Radia-
tion Research, an Office of Measurement Services and the following divisions:

Applied Mathematics-Electricity-Heat-Mechanics--Opticai Physics-Linac
Radiation2 -Nuclear Radiation 2-- Applied Radiation 2-- Quantum Electronics3 -
Electromagnetics'-Time and Frequency t-Laboratory Astrophysics--Cryo-
genics3 .

INSTITUTE FOR MATERIALS RESEARCH conducts materials research lead-
in o improved methods of measurement, standards, and data on the properties of

S ---- Il-characterized materials needed by industry, commerce, educational institutions, and
11%11E O1011 overnment; provides advisory and research services to other Government agencies;

St•t S•ttl nd develops, produces, and distributes standard reference materials. The Institute con-
49 ists of the Office of Standard Reference Materials and the following divisions:'
Vigwolg Analytical Chemistry-Polymers-Metallurgy-Inorganic Materials-Reactor

itfiAlt" ............... Radiation-Physical Chemistry..
................ ....... ....... HE INSTITUTE FOR APPLIED TECHNOLOGY provides technical services to pro-

......................... ote the use of availablt. technology and to facilitate technological innovation in indus-
Sq7HAl l co3n y and Governr -ant; cooperates with public and private organizations leading to the

_--h--- velopment of tech',ological standards (including mandatory safety standards), codes
S . IML, itt/if a methods of test; and provides technical advice and services to Government agencies

'1 u n request. The Institute also monitors NBS engineering standards activities and
*• p vides liaison between NBS and national and international engineering standards

Sies. The Institute consists of the following divisions and offices:
Engineering Standards Services-Wcights and Measures-[nvention and
Innovation-Product Evaluation Technology-Building Research-Electronic
Technology-Technical Analysis-Measurement Engineering-Office of Fire
Programs.

THE CENTER FOR COMPUTER SCIENCES AND TECHNOLOGY conducts re-
search and provides technical services designed to aid Government agencies in improv-
ing cost effectiveness in the conduct of their programs through the selection, acquisition,
and effective utilization of automatic data processing equipment; and serves as the prin-
cipal focus within the executive branch for the developmept of Federal standards for
automatic data processing equipment, techniques, and computer languages. The Center
consists of the following offices and divisions-

Information Processing Standards-Computer Information-Computer Services
-Systems Development-Information Processing Technology.

THE OFFICE FOR INFORMATION PROGRAMS promotes optimum dissemination
and accessibility of scientific information generated within NBS and other agencies of
the Federal Government; promotes the development of the National Standard Reference
Data System and a system of information analysis centers dealing with the broader
aspects of the National Measurement System; provides appropriate services to ensure
that the NBS staff has optimum accessibility to the scientific information of the world,
and directs the public information activities of the Bureau. The Office consists of the
following organizational units:'

Office of Standard Reference Data-Office of Technical Information and
Publhcations-Library-Office of International Relations.

SHeadquarters and Laboratories at Gaithersburg, Marytk d, unless otherwise noted, mailing address Washing-
ton, V C 202342 Part of the Center for Radiation Research

3 Located at Boulder, Colorado 80302



FORM NSS•114A 41-.71

U.S. DEPT. OF COMM. I. PUBLICATION OR REPORT NO. Le'¢ A4qbs 3. Recipient's Atcession No.
BIBLIOGRAPHIC DATA [_

SHEET EMT- 593 .. ........ __

4. TITLE AND SUBTITL E S. Publication Date

Wire-Bond Electrical Connections: Testing, Fabrication and "M= 1972
Degradation- A Bibliography 1957 - 1971 PaMinCO&

7. AUTHOR(S) Harry A. Schafft S. PedfA as o, .:

9. PERFORMINI ORGANIZATION NAME AND ADDRESS 10. Project/Taskl/Work Unit No.

NATIONAL BUREAU OF STANDARDS A,515n
DEPARTMENT OF COMMERCE 11. ContractGrant No.

WASHINGTON, D.C. 20234
FA071-801

12. Spmnr°ring Organization Name and Address 13. Type of Report & Period

Dept. of Navy Covered

Strategic Systems Project Office •nA1
Washington, D.C. 20360 14. Sponsodns Agocy Code
(cont. below)

"IS. S PI1•EMENTA•tYfNQTES.... .... "•

also supported by:
Defense Nuclear Agency

Washington, D.C. 20305
16. ABSTRACT 'A 200-word or less factual summary of most significant information. If document includes a significant

bibliography or literature survey, mention it here.)

More than 245 papers relevant to wire-bond type electrical interconnections used
in microelectronic and low-power discrete and hybrid devices are listed together
with key words. The bibliographic search concentrated on compiling paper.- which
appeared in the period from 1965 to 1970, inclusive. The selection of papers was
generally limited to those that were pertinent to wire-bonds where the wire
diameter is less than about 5Opm (2 mils) and where the wire is bonded by either
thermocompressive or ultrasonic means. Two indexes are provided: (I) an Author
Index and (2) a Key Word Index. The latter includes a tabulation of the
literature citations.

6 Key words (cont.): (wire-bond); wire-bond.

17. KEY WORDS (Alphabetical order, separated by semicolons) Bibliography; degradation (wire-bond); dis-
crete devices; electrical interconnection; fabrication (wire-bond); failure(wire-bond)
hybrid circuits; integrated circuits; microelectronics, reliability; testing; (cont.)

18. AVAILABILITY STATEMENT 19. SECURITY CLASS 21. NO. OF PAGES
(THIS REPORT)

UNCL ASSIFIF D

E FOR OFFICIAL DISTRIBU-ION. DO NOT RELEASE 20. SECURITY CLASS 22. Price
TO NTIS. (THIS PAGE)

60 cents
UNCLASSIFIED

USCOMM-DC 56244.P71



UNITED STATES DEPARTMENT OF COMMERCE
Maurice H. Stans, Secretary

NATIONAL BUREAU OF STANDARDS * Lewis M. Branscomb, Director

TCTECHNICAL NOTE 593
ISSUED JANUARY 1972

Nat. Bur. Stand. (U.S.), Tech. Note 593, 58 pages (Jan. 1972)
CODEN: NBTNA

Wire-Bond Electrical Connections:
Testing, Fabrication and Degradation...

A Bibliography 1957-1971

Harry A. Schafft

Electronic Technology Division
Institute for Applied Technology

National Bureau of Standards
Washington, D.C. 20234

#Sol OP C%

NBS Technical Notes are designed to supplement the
Bureau's regular publicatiorns program. They provide a
means for making available scientific data that are of
transient or limited interest. Technical Notes may be
listed or referred to in the open literature.

For sale by the Superintendent of Documents, U.S. Government Printing Office, Washington, D.C., 20402.
•Order by SD Catalog No. C 13.46:593). Price GO cents.



Table of Contents

Page

1. Introduction ........ ........... ... ............................. 1

2. Bibliography Format, In Brief ......... ..... ..................... 2

3. Author Index ........ ........... ... ............................. 4

4. Key Word Index Introduction ......... ..... ....................... 7

4A Alphabetical Key Word Listing ......... ... ................... 8

4B Subject Area Key Word Listing ....... ................... ... 12

5. Bibliography ........ ....... ............................. .... 21

Appendix A. Organization of Bibliography .......... ... ....................... 49

Appendix B. Sources for Bibliography and Abbreviations ...... ................ ... 49

Appendix C. Availability ........ ......... ............................... ... 49
Appendix D. Key Word Selection and Use .......... ... ........................ ... 53

List of Tables

Page

1. Sources for Bibliography ........ ... ....................... ... 50

2. Abbreviations and Journals Searched ....... .................. ... 51

3. Availability Notes .......... ... .......................... ... 52

4. Test Methods and Brief Descriptions ....... .................. ... 54



*... .. . - .S. - - ** . - . *- * ** -- --- v v . --oi

Wire-Bond Electrical Connections: Testing, Fabrication
and Degradation - A Bibliography 1957-1971

Harry A. Schafft

More tthan245 papers relevant to wire-bond type electrical inter-
connections used in microelectronic and low-power discrete and hybrid
devices are listed together with key words. The bibliographic search
concentrated on compiling papers which appeared in the period from
1965 to 1970, inclusive. The selection of papers was generally limited
to those that were pertinent to wire oonds where the wire diameter is
less than about 50 pm (2 mils) and where the wire is bonded by either
thermocompressive or ultrasonic means. Two indexes are provided:
(1) an Author Index and (2) a Key Word Index. The latter includes a
tabulation of the literature citations.

Key Words: bibliography; degradation (wire bond); discrete devices;
electrical interconnection; fabrication (wire bond); failure (wire
bond); hybrid circuits, integrated circuits; microelectronics; re-
liability; testing (wire bond); wire bond.

1. Introduction

Small-diameter (< 50 Um) wire is the government reports, U. S. patents, and con-
principal means of making electrical connect- farence presentations relevant to wire bond.,
ions (1) between the semiconductor die and in these three subject areas of testing, fab-
the terminr U. leading outside the package of rication, and degradation.
microelectronic and low-power d~screte and
hybrid devices, and (2) between different The etectton o6 papeUx is generally
dice on a single device header of hybrid cir- limited to those that are pertinent to wire
cuits. This eteettca ix•tCAeonneWon or bonds that have wire diameters of less than
WL e-bOnd,* as it will be referred to here, about 50 pm (2 mils) and are bonded by either
is considerccz to be the wire between two thermocompressive or ultrasonic means. This
bonded points, the bonds, the bonding sur- is the class of wire bonds that is of most
face films, and the underlying material in interest in microelectronics. An attempt
the immediate vicinity of the bonds. Fa-itCue was made to make the collection of papers on
of a wire bond is one of the principal fail- test and evaluation methods complete while
ure modes in these devices. As a result, the collection of articles in the area of
great importance has been attached to the fabrication and degradation is meant to be
following three subject areas: (1) methods representative, Some interesting papers
for testing and evaluating wire bonds, (2) could not be included because of restrictions
optimization of the fabrication processes for on their distribution. It is quite possible
making wire bonds, and (3) mechanisms of deg- that some papers which should have been in-
radation and failure of wire bonds. cluded were overlooked. The compiler would

appreciate having such omissions callnd to,
This bibliography is a compi-taUon of his attention.

n more than 2u5 published articles, U. S,
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2. Bibliography Format, In Brief

The two entries shown on the next page are used to indicate the various elements of the
format which are encircled and numbered. The numbers refer to the explanatory notes listed
below. A nore complete description of the organization and format is given in Appendices A
thru D.

Explanatory Notes:

1. IdeIn£tiSOiion code for entry. The first 8. Fiut-tevet key w•/d indicating approach
two digits give the year of publication; or type of entry. Only one such key word
the letter is the initial of the first is used per entry and it is listed last.
author's surname; the last digit serves
to distinguish entries which have the 9. ReadZng ptoiAty is suggested by under-
same first three alphanumerics. Entries lining the identification code and the
are arranged in the bibliography (pp. 21- appropriate key word(s) of those entries
48) according to these codes. that are of such relative importance in

a particular area that they should be
2. AuthzoAt(A, editor(s), o. organization (if seen first. The codes for these entries

no name(s) are provided'. For Autho, In- are also underlined in Section 4B (pp. 12-
dex, see page 4. 20).

3. FUzAt-tevet key woAd•t for general subject 10. Ti.,Je
area. First-level key words are capital-
ized for identification purposes. ii. SouAce. See Appendix B (p. 49) and Table

1 (p. 50) for sources used. See Table 2
4. VDehc.4to6 to identify the kind(s) of (p. 51) for abb)tevition used for jour-

wire bond(s) pertinent to o- described nals and conferences.
under the subject of the first-level key
word (in this example, DEGRADATION). 12. AvaitabiZty no0te refers to an address

listed in the Appendix. If the number is
5. Second-evut key w&otd to narrow the sub- in brackets the address is one to which

ject area of the first-level key word an order may be placed for a copy of the
above it (in this example Mechanism modi- entry; if it is in parentheses the address
fies tEGRADATION). The first letter of a is that of the first author's place of
second-level key word is capitalized, work at the time of publication.

6. Thikd-Zevet kzey wo"04 to modify the 13. Avai&tb2Ztty note. When the report cita-
second-level key word at its left (in tion is followed by a number preceded by
this example intermetallics modifies the letters AD or PB, or by the letter N,
Mechanism). All the letters are in the report is available from the National
lower-case. Some third-level key words Technical Information Service (NTIS),
include words in parentheses. Sills Building, 5285 Port Royal Road,

Springfield, Virginia 22151 by using this
7. O•deA of first-level key words for sub- NTIS accession number when ordering.

ject area indicates the relative emphasis
or importance given the respective areas 14. In some entries, additional guidance is
in the entry. In this example, the main provided in brackets. For example, ref-
subject is degradation with test and fab- erence may be made to the pages in the
rication follo~ing in that order. paper that are relevant to the subject.

The three levels of kZey k'&d indicating subject area are listed i. aiphecetical order

in Section 4A (pp. 8-11). Page numbers are provided to assist in locating these key
words in Section 4B (pp., 12-20) where they are ordered by subject: test, fabrication,
dnd degradation. With each key word in Section 4B is a tabulation of literature cita-
tions (using their identification codes). In both Sec.&ons 4A and 48, each kay word that
may require additional definition is followed by an exptOatoqJ phAw.e in bnacket. An
exception is made for thM test method key wor's. Key words for the test methods are
listed in 4lphabetical order in Tabte 4 (p. 54) with a brief description for each method.
The descriptions are oriented to their function in testing wire bonds.

% Ve~cx.iptoa are listed in Section 4B (pp. 12-20) with a tabulation of literdture cita-

tions.
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1_ . INTEATED SILICON DEVICE TECHNOLOGY • 10

2 VOLUME XV RELIABILITY
Contract No. AF 33(,15-8306,,
Ma 1967. AD 655082 ([se pp. 56-5 - 14

3 --- E-gNDATIN bond: TC, US wire: At, Au;
film: Al, Au, Au/Mo; xgstrace: FeNiCo,
Si 13

Stress: process; thermal
Part: bond

5 - -- chanism: contamination; Cinter-netallics 6
Failure Rates

7 . Screenin- Pocedures
,ABRI ATIOIbond: TC, US; wire: Au, Al;

film: Ag, Ag/Cr, Al, Au, Au/Mo;
substrate: Si

Evaluation: metal systems; metall!zation: wire
Procedure

VIE

68A3 Anderson, J. H., Jr. and W. P. Cox
AGING EFFECTS IN AU-AL AND AL-AL
BONDS USED IN MICROELECTRONICS
"'oc. 7th Ann•d Reliability arid
Maintainability Conf., pp. 533V53, II
SnFrancisco, Calif., July 1968.
r[- . (21) 12

DEGRADATIONaond: TC US- wire: Al, Au; f
T rGAAl 4

Stress; thermal
Pi't, wirei bond
-chanm:anneal, interetallics)

FABRICATION-bond: TC; wire: Au; film: A].
Bonding Surface: film thic;ýness
EXPERIMENTAI,
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4. Key Word Index Introduction

The three levels of key words indicat- tion is made for the test method key words.
ing subject area are listed in alphabetical They are listed in alphabetical order in
order in Section 4A with page nuibers where Table 4 with brief descriptions for each
they are located in section 4B. In section method.
QD these key words and descriptors are list-
ed by the three subject areas: test, fabri- To help identify key words of different
cation, and degradation. By each key word level: first-level key words are in upper-
and descriptor is a tabulation of identifi- case, second-level key words have only the
cation codes of entries to which this key first letter capitalized, and third-level key
word or descriptor was assigned ir, the bibli- words are in lower-case. Descriptors are
ography. Key words and descriptors that may also in lower-case and are listed iw.3diately
require additional defiaition are followed by below the associated first-level key words in
explanatory phrases, in brackets. An excep- section 01.
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4^ Alphabe.ical Key Word Listing

KEY WORD - [DESCRIPTIVE PHRASL] PAGE NUMBER IN
SUBJECT APEA LISTPIG

OF KEY WORDS (Section 4B)

adjustment - [of apparatus] ....... ... ..... .............................. 16
- [of bonding tool] .... .......... . ......................... .. 17

air blast - [description] ................. ............................... ... 12
[evaluationi .............. ... ............................... ... 13

anneal - [of wire, responsible for degradation or failure] ..... ................ ... 19
Apparatus: [bonding machines and accessories] ......... ..................... ... 16
apparatus - [importance of rigidity] ............ .......................... .. 17

- [evaluation of] ............. ... .............................. .. 16
Application - [information applicable to test method] ) .. .............. 12
bond - [affected by stress] ...................... ..)...... 18
bond (adhesion) - [evaluation of] ... .......... .... ..................... .. 16
bond monitor - [application] ............ ................. ..... . .... .... 13

- [correlation] .... .... . . .. . ... ......... 13
- [description of test method] . . ........ ...... .. ............ . 12
- [to evaluate fabrication procedures and processes] . . .. ........ 17

bond temperature - [test method used to evaluate fabrication procedures and prvcesses]. 17
bond (type) - [evaluation of] .) ....... ................ . .... 16
Bonding Surface - [information pertinent to the surface film(s) or metal substrate

of bonding area] .... .............. . ........ . . . . . . 17
care - [of wire] ................. ...... ... .................... ....... ... 17
centrifuge - [description of test method] ..... ..... ..... .. . . 12

- [evaluation] . . . • .. .. ..... .. . . .. 13

- [correlation] ...... . ....... ................ . . 13
- [to evaluate fabrication procedures and p-ocesses] . . . . .. . .. . .. 17
- [to determine degradation or failure]... . . ..... . ...... ...... . . 20
- [to stress wire bond] ........ ................. ....... .. .... 19

contamination - [of bonding surface as related to fabrication of wire bond] .... ...... 17
- [of parts of the wire bond before or after bonding, responsible for

degradation or failure] . . ... ..... ........ ....... . 19
- [of wire as related to fabrication of wire bond] ............. .. . 17

Control - [importance of control of bonding parameters] . ........ . . . . . . . 17
Correlation - [between test methods].... . ......... . . . . . . 13
corrosion - [responsible fo,ý degradation or failure of wire bond] .. ................ 19
DEGRADAMON - [degradation or failure].. . ......... •. . .. ....... 18
descript')n - [of apparatus], .... .. .. , ...... . . . . .......... 16
Desoription - [of the test method]) ..... ......... ... .... .... . ......... ... 12
design - [of apparatus] . . . .. ..... . , v 17

- [of bonding tcol. ......... .. ....... ........ .............. 17
levice - [affected by stress] .... ....... . . ....... . ....... . ., 19
electrical - [stress to wire bond]..... . ......... ... ............. ...... 19
electrical characteristics - [of wire] .... . ......... ..... ... .. 17
electrical parameter - [test method to determine degradation or failure].......,. . 20
electron mnicroprobe - [test method to determine degradation or failure] .......... 20
electromigration - [re sponsible for degradation or failure] ..... ...... ....... 20
Lvaluation - [of test methods] ..... ..... . . . ....... ... . . . .. . . . . . 13
Evaluation - [as related to fabrication of wire bonds] ......... ..... 16
FABRICATION - [of wire bonds]) ............................... , 13
fabrication - [of wire] ...... ............. . . .... .... .. 17
Failure Rates - [general reliability data; relative percentage of failure modes].,. . . 20
fatigue - [metal fatigue responsible for degradation or failure).. ............. ... 19
film thickness - [of bonding surface] ... ....... . .... .. , .......... 17
force - [control of in bonding]........, ...... .. . ....... . 17

grain growth - [responsible for degradation or failure] . . .. . ... .... 20
har2ening - [of wire and responsible for degradation or fail o'e.. ....... ........ 20
interferometer - [test method to evaluate fabrication procedures and processes] ..... 17
intirmetallics - [intermetallic compound formation or the Kirkendall effect

responsible for degradation or failure .. . . , ...... 20

It monitor - [description of test method], . . . 12

-[evaluation] .-. ...... .e. ..... . ...... 13
mechanioal - [stress to wire bond].... . . . ...... . .. . ., . 19

mechanical shock - [description of test rethod] . . 12

- [evaluation]). ..., ..... ..... . . ., * ... . ., v .. . 13

- [application]. , , v . . ....... ... ....... : 13
- [to evaluate fabrication procedures and processes] :..,.. . .. 17

- [to st-ess wire bond) ... , .. . ., .. . .. . , 19
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4A Alphabetical Key Word Listing (continued)

KEY WORD - [DESCRIPTIVE PHRASE] PAGE NUMBER IN
SUBJECT AREA LISTING

OF KEY WORDS (Section 4B)

mechanical shock (radiation induced) - [description of test method] ... ......... ... 12
- [evaluation] ...... ................. ... 13
- [correlation) ..... ................. .... 13
- [application] ...... ................... 13
- [to stress wire bond] ...... ............. 19

Mechanism - [of failure or degradation) ...... ......... ....................... 19
mechanical characteristics - [of bonding surface] ........ .................. ... 17

- [of wire] ....... ... ........................ .. 17
metal system - [evaluation of, for fabricating wire bonds] .... . .. ..... . ....... 16

- [of bonding surface] ...... ....... ......................... ... 17

metallization - [affected by stress) ....... ... ......................... ... 19
- [evaluation of, for fabricating wire bonds] ........ ............. 16

metallurgical exam - [description of test method] ...... ..... .................. 12
- [to evaluate fabrication procedures and processes] . .... 17
- [to determine degradation or failure] ..... ........ ...... .. 20

metal system - [of bonding surface] ...... ....... ......................... ... 15
MIL-STD-883 - [description of test methods] ...... ... ..................... .. 12

- [evaluation] ....... ....... .............................. ... 1
- [application] ........... . .. ............. ....................... 13

MIL-STD-750B - [description of test methods) ......... ........ .......... .. 12
moisture - [stre5s to wire bond] ............ ........................... .. 19
noise - [description of test method] ....... ... ......................... ... 12

- [evaluat on].... . ...... ............ . ................. .. . . . 13
orientation - [of bonding surfac)e . ....... .... . ..... . . ........ 17

- [with respect to bonding tool]. ... .. . . ... ......... I I. . . •17
oscillation - [of bonding tool) ...... ....... ............. ....... . ........ . 17
package -[evaluation of] ...... . ....................... 16

- [importancp of rigidity) ....... ..... ........................... .. 17
Part - [primarily or the wire bond, affected by stress] .... ......... ....... 19
photoelastic stress analysis - [test method used to evaluate fabrication

procedures and processes] ....... ................ 17
power - [control of, in bonding] ................. . ........ .. . ..... 17
Precautions - [in the use of a test v,*hod] . .. ........ .................... ... 13
preparation - [of bonding surface fr: bonding] . . ................ . . 17

Procedure - [for making a wire b, ... ............... . 16
process - [stress on wire bond] .... .. .... .... I ............. '.,... . 19
pull -[description of test method] . .. . . .. ...... ....... ....... . 12

- [evaluation] ...... ........... ... ............................. . . . 13
- [corelation]. . ............ . . .. • . . ..... , - .- ..... 13
- [applivation] ...... . . ... ....... ......... ................... 13
- [to eveluate fabrication procedures and processes] ....... . . . ....... . 18
- [to determine degradation or failure) .... ........ . ... ... 20
- [to stress wire bond] ....... ..... ......... ....... . ......... . 19

pull (nondest-rmctlv, - [description of test method]... ....... ....... ........ 12
- [evaluation]....... . .... . . ......... ..... .. 13

[correlation] .2. ... ... .. , . . . ,., 13

- [to evaluate fabrication procedures and processes].2 *.. . 18
radiation - [stress to wire bond] ... ..... .......... . ... ....... . . 19
radiotracer - [test method used to evaluate fabrication procedures and

pro(esses]. ) .. .. . . . , .. , ....... , . ,. . . k . , .. 18
resistance - [descript . of test method] . . ...... 2 . 2 A .. 12

- [evaluation] . .. . . 13
- (correlation] .. . . .. . 13

[precautions].. e . ................... . .. . .. . . 13
- [to evaluate falbrication procedures and processes]),...,.. . . 18
- [to determine degradation or fdilure). 2 ., . . . . . 20

Rigidity - [importance of rigidity when fabricating wire bonds] ......... . .. .•. 17
Schedule - [optimization of procedures and processes for making wire bonds] .... 16
Screening Procedures - [where a series of test methods are used]., .,.......13

shear - [description of test method]...... v . ,. . . . , . . . 12
- [evaluation].... . .. ... ... . . . ...... * . . 13
- [to e'sluate fabrication procedures and processes]) ........ . . • . 18
- [to determine degradation or failure] .. . 2. . 20

size - [of wire]. ., .. .... ... .. ... .. .. * . . . 17
spallation - [responsible for degradation or failure] 2 .... ...... 2 20
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4A Alphabetical Key Word Listing (4ontiiiued)

KEY WORD - (DESCRIPTIVE PHRAFE! [-AGE NUMNME IN
SUBJECT AIREA LISTING

OF KEY WORDS (Section 4iB)

Stress - [stresses that produce weakened wire bonds as a result of the
fabrication process or that result in degradation or failure of
already completed wire bonds). .. .. .... ... . .... ..... . .. ..... . ....... 19

substrate - (affected by stress) .. .. .... . .... ... . .... ..... . .. ..... . ....... 19
TC - [effects of process and material variablet on waking therisocompression

wirxe bonds).............................16
[ evaluation of thezuocompression bnig. ..... .. . ...... .... ..... 16

- (failure rates of thermocompression wire bonds) .. .. ..... . .... ... . .... ..... 20
- [procedur3 for making therimocompression wire bonds). .. .. .... ..... . .. ....... 16
- [schedule for optimizing procedures and processes for making

theriuocompression wire bonds]. .. .. .... ... . .... ..... . .. ..... . .... ....... 16
- (theory of thermocomnpression bonding) .. .. ..... . .... ... . .... ... . .... ..... 17

temperature - [importance of the control of). .. .. .... ..... . .... ... . .... ....... 17
t.2mperature control - [evaluiation of methods used in making thermocompreqsion

bonds) .. .. ..... . .... ... . .... ... . .... ..... . .... ....... 16
temperature cycle - (description of the test method) .. .. ....... . .. ... . .... ..... 12

- [evaluation) .. .. ..... . .... ... . .... ... . .... ..... . .. ..... 13
- [application). .. .. .................. .................. ......13
- [to evaluate fabrication procedures and processes). .. ... . ......19

*- (to determine degradation or failure). .. .. ................ ....20
- [to stress wire bond) .. .. ........ ........ ........... .........19

terminal - [importance of rigidity). .. .. ................ .................... ....17
TEST - (test, evaluation, and screening methods for wire bonds) .. .. ........ ........12
T-fest - [used to evaluate fabrication procedures and processes). .. .......... ........17
Theory z~ [of thermocompression and ultrasonic bonding) .. .. ........... ....... ......15
thermal mismatch - [responsible for degradation or failure). .. .. ...................20
thermal shock - [description of test method). .. .......... ................. .......12

- [evaluation). .. ........ ........ ............ ..................... 13
- [application). .. .. ....... ......... .................... .......... 13
- [to evaluate fabrication procedures and processe) ... .............. 18
- [I stress wire bond). .. .. ...... ......... . .......................19

thermal - [stress on wire bond)................... .. . . ...... . .... .. .. .I. ...... 19
time - [control of, in bonding). .. .. .... ............ ...... .. ........... .........17
Tool - [bonding tool, as related to the fabrication of wire bonds). .. ....... .......17
tool - [evaluation of) .. .. ..... . .. ..... . .... ... . .... ..... . .. ..... . ....... 16
topography - [of bonding surface). .. .. .................... ............... ........17

- [of wire). .. ........ ........ ............ ....... .................17

Trouble Shooting - [methods for locating and correcting deficiencies 1in
wire bond fabricating procedures) .. .. ...... ............ ........ 18IUS - [effects of process and material variables on making ultrasonic wire bonds) . . . 16

- [evaluation of ultrasonic bonding) .. .. .......... ...... ............ .......... 16
- Ifailure rates of ultrasonic wire bonds). .. .. ........ ........ ............... 20
- [procedure for making ultrasonic A;re bonds) .. .. ........ .....................16
- [schedule for optimizing procedures and processes for making ultrasonic
wire bonds) ... ............... . ..... . . . . .. .. .. .. . . 16

- [theory of ultro'sonic bonding)............ ........ .............. 17
us probe - [description of test method).......................12

- [to evaluate fabrication procedures and processes).... .................18

1,S stress - [description of test method)...................] 12
- [to stress wire bond]. .. .. ............... ....... ............ ......19

Variables - [effects of process and material variables on the quality of
wire bonds) .. .. .......... ........ . ........ ..... -. ........................ 16

vibration (variable frequency) - (description of test methcd).ý . ,............12

- [evaluation) .. .......... . .. 13
- [application]). . .......................... 13
- [to evaluate fabrication procedures and

processes).............. ... .. .. .. . . .... 1
- [to determine degradation or failure]. .. ........... 20

vibration (mo~nitored) - [description of test method]......... ....... ......12
- [evaluation] ...... . . .. .. .. . 13

vibration (fatigue) - [description of test method) .'.. . . . . .12

- [application).............* . .. .. . .13

- [to determine degradation or failure). .. .. ..................20
visual inspection - [description of test me.'hod]......, . . .,. . 13

- [evaluation] , .. . . . . * *.- 13r 10



4A Alphabetical Key Word Listing (continued)

KEY WORD - (DEDCRIPTIVE PHRASE) PAGE NUMBER IN
SUBJECT AREA LISTING

OF KEY WORDS (Section 4B)

- (correlation) .......................... 13
- [application] .................................. 13
- (to evaluate fabrication procedures and processes . C.........C
- [to determine degradation or failure) ........ .............. 20

visual inspection (SEM) - [description of test method] ... ............... .. 13
- (to evaluate fabrication procedures and processes] ..... .... 18
- [to determine degradation or failure] ... ........... .... 20

wear - [of bonding tool] ............. ............................... .... 17
wire - [affected by stress)] ............. ............................. 19
wire - (evaluation of, for different wire bonds] ....... ................... 16
Wire - (information pertinent to fabrication of wire bonds) .... ............. ... 17
wire bond - [evaluation of] .............. ............................. .... 16
x-ray - (description of test method] ......... ........................... .

- (evaluation] ............... ..... ................................. 13
- [to determine degra'ation cf failure] ....... ..... .................... 20
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4B Subject Area Key Word Listing

TEST

TIST (test, evaluation, and screening methods for application
wire bonds] plastic devices

bond 70B1, 70C2, 70H2, 71B3, 71H2
TC [thermocompression] hybrid devices

6401, 64H2, 65B1, 65C2, 67A1, 67G1, 67H., 70S2, 71S1
67S4, 68D2, 68F1, 68PI, 68RI, 69AI, 69K4,
69S1, 7OA1, 70B1, 70R2, 11B3, 71H2, 71S1 Description [of the test method]

US [ultrasonic) air blast
59J1, 60J1, 6lJl, 62J1, 64C2, 64W1, 66R1, 68D2
67P2, 67R1, 67R2, 68D2, 68FR, 68Ri, 6986, bond monitor
69B7, 69KI, 69K4, 69P1, 70A1, 70B2, 70D2, 59Jl, 60J1, GZJ_, 52JI, 64W_ , 67P2, 6906,
71B1, 7184, 7lG. 69B7, 71B4

wire centrifuge
Al [aluminum hardened with silicon] 63Wi, 66L4, 66PI, 68B1, 68D2, 6811, 69B2,

64D1, 66R1, 67R1, 67R2, 68D2, 68R1, 69B5, 6901, 69S4, 70B7, 70D3
69B6, 69B7, 69K1, 69K4, 69P1, 70AI, 70B2, IR monitor
70D2, 71BI, 71B4, 71GI 67B1, 6754, 68B1

Al (pure) [pure aluminum] mechanical shock
67R2 63W1, 66P1, 6711, 68D2, 69B2, 69S4, 70D3,

Au [gold] 71N2, 7111
65C2, 67A1, 67G1, 67H1, 68D2, 68LI, 68P1, mechanical shock (radiation-induced)
69AI, 69B5, 69K4, 6981, 70A1, 70B1, 70H2, 68F1
71B3, 71H2, 7151

metallurgical exam
Au/Cu (gold plated copper] 68BI67S4

MIL-STD-883
film [metal or metal film(s) of bonding surface] 68D2, 6901, 70C2, 71NI

Ag [silver] MIL-STD-750B
70B1, 71B3 66P1

Al [aluminum] noise
65C2, 67AI, 67R1, 67R2, 68D2, 68P1, 69B6, 65M1
69B7, 69K1, 69K4, 69PI, 70A1, 70B2, 70D2,
71B1, 71B4, 71G1, 7151 pull

Au [gold] 63WI, 65Wi, 67H1, 68B1, 68D2, 68PI, 69K1

67A1, 67H1, 67S4, 68D2, 69P1, 69K4, 70A1, 6901, 69S1, 70A1, 70B7, 71Nl, 71N2
70B1, 70D2, 7183, 71S1 pull (nondestructive)

Au/Cr [gold on chromium] 65BI, 69S1

66R1, 67RI, 67R2 resistance

Au/Mo [gold on molybdenum] 66MI, 68D2, 70B2, 70H2, 71H2, 71N1, 71N2
67G1 shear

67AI, 68D2substrate [material underlying bonding surface

film(s)]temperature cycle
alumina 66L11, 66P1, 68D2, 6901, 69S4, 70H2, 711H2

66RI, 67RI, 67R2 thermal shock
beryllia 63WI, 68D2, 69B2, 69S4, 70D3

66RI, 67RI US probe

ceramic 59R1, 67B4

67S4 US stress

sapphire 69K_4, 70B7
66RI, 67RI, 67R2 vibration (fatigue)

Si [silicon) 6611, 68D2, 69S4, 70D3
67R1, 67R2 vibration (monitored)

silica (96%) 66L4, 68D2, 70D3

67R1, 67R2 vibration (variable frequency)
63W1, 6611, 66P1, 68D2, 69S4, 70D3
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4B Subject Area Key Word Listing (continued)

TEST - FABRICATION

visual inspection pull (nondestructive)
66P1, 66L4, 68D2, 68R1, 6901, 71K1 69A1

visual inspection (SEM) resistance
69S1, 71N1 66R1, 67Rl, 67R2

x-ray visual inspection
66L4. A92, 68L1, 69S1 67B7, 67G1, 69K1, 69P1, 70D2, 71G1

Evaluation [of the test method] Application [information relevant to a particu-
air blast lar test method]

69P1 bond monitor
centrifuge 64C2, 70B7, 71K2

66L4, 67G1, 68H4, 6901 mechanical shock
IR monitor 61A2: 69K2

67S4 mechanical shock (radiation-induced)

mechanical shock 67G2, 70M2
68FI, 68H4 MIL-STD-883

mechanical shock (radiation-induced) 6938, 69D3, 71N1
68F1 pull

MIL-STD 893 67S3, 68A1, 69B5, 69D1, 70A6, 70B8, 71B4
70S2 'emperature cycle

noise 69K2, 70P2, 70VI
68BI thermal shock

pull 6qK2, 70P2

67R2, 68H4, 70B8, 71B1 US probe
pull (nondestructive) 69D2

64DI vibration (fatigue)
resistance 69K2

67R2, b8B1, 70H2, 71H2 visual inspection

shear 68H1
67GI Precautions [in the use of a test method]

temperature cycli resistance
661,4, 68H4, 6981, 70H2, 71H2 65C2, E8E1

thermal shock Screening Procedures [where a series of tests is
65113, 68H14, 69B1, 60?l, 701, 71B3 used to cull out unsatisfac-

vibration (monitored) tory wire bonds]
66L4 66Pi, 67G1, 67PI, 68D2, 69D3, 691,1, 70S2,

vibration (variable frequency) 71TR, 71S1

69S4 FABRICATION
visual inspection bond

64H2, 66L4, 67G1, 68H11, 69K1, 6901, 69P_', TC [thermocompression]
69S4 57AI, 57A2, 58C1, 61A1, 62M1, 63M1, 63PI,

x-ray 63W1, 64Al, 64D1, 64H1, 64H2, 64J1, 64hil,66Lr , 67G1, 68H4 651, 65C1, 65C5, 65HI, 6512, 65RI, 65SI,
65S3, 66A1, 66A2, 6691, 66B3, 66B4, 6696,
66C1, 66EI, 6602, 66111, 66(3, 661.1, 67A2,

Correlation (between methods for the same type 6792, 66M, 6711, 671(, 67K1, 66R1, 67A1,
of wire bond] 67B2, 67C1, 67HI, 67K1, 67P12 67R4, 67Sl,ofnwirenbond)67S5, 68A2, 68A3, 6891, 68D1, 68G1, 68H3,.

bond monitor 68H5, 68J1, 68K1, 68M1, 68M2, 68M3, 68PI,
69B7 68R2, 68T2, 69A2, 69B3, 69G2, 6902, 69SI,

centrifuge 69S2, 69S5, 69T2, 70A2, 70D4, 71B2, 71M1,
65BI 71PI, 71RI

mechanical shock-(radiation-induced) US [ultr'.sonic]
69P1, 70D2 59A1, 5Jl, 59-i, 60J1, 60J2, 60W1, 61DI,

61Ji, 62P1, 63WI, 64D2, 65D1, 65J1, 65NI,pull 666661, 66B6, 66E1, 66H1, 66L3, 66RI, 6792,
69P1, 70D2, 71GI 69 67H2, 67Ji, 67LI, 67PI, 67R1, 67R2, 67S1,

67T1, 6891, 68DI, 68H3, 68KI, 68M1, 68M2,
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4B Subject Area Key Word Listing (continued)

FABRICATION

b8S!, 68T2, 68M), 68U)2, 68U)3, 68U)4, 681)5, Pt [platinum]
69B2, 69B3, 69r5, 69B6, 691(1, 694(3, 69L2, 57A2, 63M41, 65CI
6902, 69Pl, 69S71, 69S2, 69S5, 69T2, 691)1, Sn (tin)
69U)2, 70B2, 70B3, 70B5, 70B6, 70B7, 70B8, 57A2
70C1, 70D2, 70114, 70P.1, 70W1, 71B1, 7102,
71B4, 71D1, 71Gl, 71111, 71J1, 71141, 71P1, Sn/Cu [tinned copper)
71P2, 71R1 61A1

wire Ti [titanium)
Ag [silver) 63141

57A1, 57A2, 58C1, 61A1, 62M41, 63W1, 64A1, Zr [zirconium]
66A1, 66C1, 66G2 63M11

Al [aluminum hardened with silicon)
57A1, 57A2, 58C., 61A1, 63141, 63W1, 64A1, film
64DI, 64S1, 65B1, 65D1, 65:1, 66A1, 66B4, Ag [silverJ
66G2, 66R12 67B2, 67C1, 67K1, 67L12 67P1, 63W1, 66G2, 67Pl
67R1, 67R2, P7SI, 67S5, 67V1, 6801, 68H13, Ag/Al (silver on aluminum)
68K1, 68142, 68R2, 68T2, 681)1, 69B2, 69B3, 6W,6T
69B5, 69B6, 69K1, 69K3, 6902, 69P1, 69S1, 6W,6T
69S2, 69M), 70B22 70B3, 70C1, 70D2, 70D42 Ag/Cr [silver on chromium)
70P1, 7101, 71B2, 71G12 71M, 71P1, 71P2, 63W1, 64S1, 66G2, 67K12 67P1, G7S5, 681(1
71R1 Ag/Cr-Al [silver on chromium-aluminum al-

PA./Mg [aluminum hardened with magnesium) loy)
67V1, F81)1, 691)1, 70P1 63Wl

Al (pure) [pure aluminum) Al [aluminum)
67R2, 67V1, 6902 62M41, 63M41, 63W1, 60D1, 64H1, 64H-2, 64141,

Au (gold) 64S1, 6501, 65C5, 65H1, 65H2, 65R1, 65R2,
571,57~ 5C1 S~, 211,614, 3P,65S1, 66A1, 66B3, 6604, 66G2, 66H12 66W1,

57A1, 57A2, 58C1, 6IA12 62M12, 63M41, 63S1, 67B2, 67C1, 67H1, 67K(1, 67U1, 67P12 67R1,
63B1, 64A1, 64C1, 65Hl, 64H2, 64M12 64S1., 67R2, 67S1, 67S5, 68A3, 68G1, 68H3, 68K(1,
66A1, 6603, 6604, 66C1, 66H2, 6Rl1, 66W1, 68M42, 68M43, 68P1, 68R2, 68T2, 69A2,-69B2,
67A2, 6B3C , 66B4, 66C(1, 66P2, 67SU, 67S5, 6905, 6906, 69 K(1, 6902, 69P1, 69S1 2 69S2,

67T1, 68A3, 68H3, 68K1l, 68M42, 68M43, 68P1, 69U1, 70A2, 70B2, 70B3, 70C1, 70D2, 70D4,
68R2, 68S1, 68T2, 68U12 69A2, 6933, 69G2, 7101, 7101, 71M, 71P1, 71P2
6901, 69S1, 69S2, 69S3, 691)1, 70A2, 70A32 lC auiumo hoim
70D4, 71B2, 7101 6301, 66H12 67B2, 67R2

Au/Ag [gold with silver added] Au [gold]
56W41 63W1, 64D1, 64S1, 64B1, 65CS, 65R1, 66A1,

Au/Cu [gold plated copper) 66B4, 66G2, 66H12 67B2, 67H12 67K(1, 67P1,
61A1, 66C1 67S1, 68H32 681(1, 68R2, 69A3, 69B2, 69B3,

69K(3, 6902, 6901, 69S1, 691)1, 70D2, 70D4,

Au/Cu~eO [gold plated CuBeC) 71G12 7131, 71P1
71Dl

Au/Ag [gold on silver]
Au/Ga [gold with gallium added] 65C5

68S1
Au/Ag/Cr [gold on silver on chromium]

Au/Ni [gold covered nickel) 69S3
64C1

Au/P [gld overd patium]Au/Ag/Cr-Al [gold on silver on chromium-

64C1 63W11

Au/N [gold covered tungsten] Au/Al (gold on aluminum]
6 4C1 6 3M1

Cu [copper] AuAl 2  [gold-alu'minum compound)
57AI, 57A22 61A1, 62M41, 63MI 68T2I

Cu/Ni (gold plated nickel] Au/Co (gold on cobalt]
66C1 65C5

Pb [lead) Au/Cr [gold on chromium]
5 7A 2 6301, 63M41, 65C5, 651il, 66R1, 67B2, 67U1,

P1 [allaium]67p1, 68M42, 6952

6 3W1
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4B Subject Area Key Word Listing (continued)

FABRICATION

Au/Cu [gold plated copper] Ti [titanium]
71D1 63M1

Au/Cu/Ti [gold on copper on titanium]
68M2 thick film

Ag [silver)
Au/Cr/Al [gold on chromium on aluminum] 69B368K1 Ag/Pd [silver-palladium composition]
Au/Mo [sold on molybdenum] 69B3

65C6, 66G2, 67CI, 67P1, 67Si, 67S5, 68M2,
69S2, 69S3 Au [gold]

69B3
Au/Mo/Al [gold on molybdenum on aluminum]

67S5, 70A2 Au/Pd [gcld-palladium composition]
69B3

Au/Mo/Mn [gold on molybdenum on manganese]
69B3 Au/Pd/Pt [gold-palladium-platinum compo-

sition)
Au/Mo/Pt [gold on molybdenum on platinum] 69B3

67C1, 67K1, 68K1
Au/Pt [gold-platinum composition]

Au/Ni [gold on nickel] 69B3I 65C5, 68M2
Pd/Ag [palladium-silver composition]

Au/NiCr [gold on nichrome] 6933
65SI

Au/Pl [gold in palladium] substrate
63WI Al [aluminum]

66B4
Au/Pt/Ti [gold on platinum on titanium)

67S5, 68M2 alumina
65R2, 65S1, 66CI, 66R1, 67Ll, 67R1, 67R2,

Au/Pt/Ti/Pt [gold on platinum on titanium 68H3on platinum)

69S3 beryllia

Au/Ti/Al [gold on titanium on aluminum] 66R1, 67L1, 67R1

69S3, 70A2 FN [boron n'tride]

Bi [bismuth] 65R2

62M1 cc-3s c

Cr [chromium] 63PI, 66H1

68H3, 68T2 epoxy
71D1

Cr/Al [chromium on aluminum]
64S1, 67S5, 69S3 Fe/Ni/Co [iron-nickel-cobalt alloy]

Cu/NiCr [copper or nichromeJ 65B1, 66B4, 69K3, 71G1, 71J1

65SI Ge [germanium]

Ga [gallium] 57A1, 57A2, 57Cl, 61AI, 62M1, 65D1

62MI glass
63P1, 65D1, 6511I, 65112, 65R2, 66CI, 66H1,

In indium] 67LI, 68H3
62M1

sapphire
Ni [nickel] 66R1, 67LU, 67R2

66A1
Si [silicon]

NiCr [nichrome] 57AI, 57A2, 57C1, 61A1, 62M1, 63M1, 64A1,
63Ml 64H2, 65C1, 65C5, 65D1, 65R2, 65S1, 66A1,

P1 [palladium] 6684, 67LU, 67P1, 67R2, 68H13, 68T2
64SJ silica (96%)

Pt [platinum] 67L1, 67R1, 67R2
64H2, 64SI

Pt/Ti [platinum on titanium] hybrid devices
68M2 67LI, 67R1, 68H3, 68M3, 69T2

Sb [antimony]
62M1 Theory [of bonding]

TC [thermocompresoion]
Ta [tantalum] 57A2, 61AI, 63M1, 64AI, 66A1, 66B4, 66B6,

63Mi 67B2, 68B1, 69Si

15



43 Subject Area Key Word Listing (continued)

FABRICATION

US [ultrasonic] wire

591 659J, 65911, 6031, 6032, 606B1, 61B2, (T) for therimocoupression wire bonds]
62P1 65D, 631, 5N1,65P, 666, 6B2,6531, 65R1, 65R2, 66G2, 67P1, 68H13, 68R2,

67M1 6831, 68U2, 68U3, 68U'4, 69PI, 69S., 7R
LWJI, 7033, 7038, 71P2

Evalution (of](US) (for ultrasonic wire bonds)

TC (thermocomnpression bonding] 31,6P,6U,6U,7C,7P,7R
63P1, 63111, 66B1, 66C1, 66E1, 6732, 67S1, (ribbon)
68113, 681(1, 68111, 69C1, 6951, 69T2, 70D4, 6535, 69B6

71B2 (general)

US (ultrasonic bonding] 66111
60J2, 6131, 62P1, 63111, 6631, 66E1, 66R1,
67B2, 67L1, 67l 67S1, 68113, 681(1, 68111, Procedure (for making a wire bond)
69C1, 69S1, 69T2. 70D4, 713B2, 71P2 TC (thermocompressicn)

57A1, 57C1, 60J2, 61A1, 62M11, _64H29 64111,
wire bond (wire bonds, in general, and versus 65C1, 65R1, 65S1, 66A2, 66L1, 67A2, 67B2,

other bonding methods] 67111, 671(1, 67P1, 68A2, 6831, 68115, 681(1,
67L1, 6932, 69B3, 69C1, 69S5, 70134, 70H11, 6R,6G,65,73
71B2, 711I11=1_96R,6G2,6S,7B

apparatus (US) (uflrasonic bonding equipment) US (ultrasonic)]

61D1 6031, 66,11, 65N1, 67B2, 67P1, 67R2, 67T1,
6831, 68K1l, 691(2, 69K(3, 69S1

57A2d (adhesion) Schedule [optimization of procedures and process-
57A2 63 1, 3PIes for' making wire bonds)

bond (ball) TC (thermocompression)
64111, 6531, 65R1, 66B4, 66E1, 66G2, 66L1, 57A1, 63M1, G3P1, 64A1, 64112, 65B1, 66A1,
6732 67C1, 67K1,(1 M, 68R2, 69B6, 69C1 66C1, 6732, 67H11, 6831, 68K11

bond (stitch) US [ultrasonic)
65D1, 65111, 66E1, 66L1, 67B2, 68M13, 68R2, 59A1, 59W11, 60J1, 60W11, 6131, 63W1, 6531,
69C1 66R~19 67J1, 67L1, 67R1, 67R2, 68K(1, 68U1,

bond (wedge) 68J4, 69P1, 69U1, 70B8, 70D2
6531, 65R1, 66B4, 66E1, 66G2, 661,1, 6732, Variables [eff'ects of process and material var-

67C1 6711, 6R2, 9C1iables on qudlity of wire bond]
bond (general) TC (thirinocompression bond)

66C2 57A1, 57C1, 59A1, 61A1, 63M11, 63P1, 64A1,

metal system [of the wire bond, i.e. wire- 64H12, 65111, 65112, 66A1, 66B1, 66C1, 66L1,
metallization-substrate, for) 67B2, 67111, 67K(1, 68P1, 69B33

(TC) (thermocompression bonds) us Fultrasonic bond)

63W1, 64S1, 65C5, 65R2, 66G2, 671(1, 67P1, 59W1, 6031, 60J2, 60W11, 6131, 63W11, 65D1,
67S5, 68M12, 68T2, 70A2 6531, 65N1, 66B1, 67J1, 67R19 69B3, 69P1,

70D2, 7131
(US) [ultrasonic bonds)

61M, 67P1, 67R2, 68M2, 68T2 Apparatus (of bonding machines and accessories)

(general) [bond type not specified) adjustment (TO) [of thermocompression bond-

66111, 69S3 67I 3ling apparatus)

metallization 67111,en 63)[o111rsoi bnin p
65C5, 66111, 67C1, 67P1, 68T2, 69B3, 69S2 aduten ) o lrat soncbndn p

package 64D2, 68U5, 69B6, _1P11 69U1$ 70B3, 70D2,
67G1 71B4, 71111

temperature control (for thermocompression description (TO) (of thermocompression bond-
bonding) ing apparatus)

6ELl, 671(1, M83, 71B2 68D1, 68H3

tool description (US) (of ultrasonic bonding ap-
(TCO Ito make thermocompression bonds) paratus]

63W1, 64M11, 6531, 6634, 68113 6031, 62P1, 'W1, 67B2, 67L1, 67R2, 68D1,

(US) [to make ultrasonic bonds)]9U
6 3WI
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4B Subject Area Key Word Listing (continued;

FABRICATIONI

design (TO) [of thermocompression bonding contamination
apparatus] 65K1, A0A3, 70B3

63K.1 63-11, 64.71, 64141, 65S3, 66A2, 66K3, electrical characteristics
67A2, 67R4#, 68H15 66R1, 07R1, 6902, 70A7

design (US) [of ultrasonic bonding apparatus] fabricatioi
59A1, 59111, 60J2, 60W11, 63111, 65D1, 6531., 6902, 70Sl
65N41, 67H2, 67Jl, 67S1, 68Bl, 68U5, 691.2,
69U1, 69U2, foB2 70B3, 70B6, 70D2, 70W11, m~echanical characteristics
71134, 71J71 6311, 'C 65K1, 66L3, 67R2, 67V1, 68G1,

68S- 1T, 6iiUiT, 69D2, 6902, 69U1, 70A3, 70A4,
Control [implortance of control of]) 70B3, 70B5, 71B4, TI-Rl

force (TCO (applied in making thermocompres- size
sion bond) 66C1, 66K2, 68B2, Z0A3, 70A4, 70A5

68P1

force (US) (applied in making ultrasonic bond toporaph 6902esufae
68U4, 70Cl1]6K,60

power (US) [used in making ultrasonic bond) Bonding Surface (of film(s) or metal substrate)
68U4+, 7PC1 contamiration

59WI, 60111, 64H12, 65B1, M64, 66C1, 69A3,
temperature (TCO [in making thermocompres- 69711, 69PI, 70D2, 71G1

sion bond)
64712, 65H11, 65H12, 65S1, 66C1, 66L1, 68B1, film thickness

68:,6831, 68M3, 68P1 64711, 65,C5, 65711, 65712, 66B3, 66G2, 66R1,
67L1, 67Rl, 67R2, 68A3, 69A2, 69A3, 69K1,

temperature (US) [in making ultrasonic bond) 69K31 70D2, 7lGl, 71P1
68B1

mechanical characteristics
time (US) (for making ultrasonic bond) 59W19 60111, 69A3, 69P1, 71H3

68U~t7G~lmetal system
Tool [bonding) 67C1, 68T2, 71G1

adjustment (US) (for ultrasonic bonding] orientation [with respect to the bonding

69U19 7082, 70B3, 71H11, 70D2 tool)
design (TO) [for thermocompression bonding) 68S1

63111, 64712, 6581, 65S3, 66B4, 66C1, 6782, preparation
67R3, 67S1, 6881, 68713, 69G1, 71B2 59111, 6UW1, 63P1, 64H1, 65711, 65712, 65R2,

design (US) [for ultrasonic bonding) 66H11, 67C1, 671,1, 67R2, 68T2, 69A3, 6983,
59111, 60W11, 63Wl1 65D1, 67R1, 67R3, 67S1, 70A2, 70B3, 71G1
67T1, 68U1, -6Gl 69P1, 7082, 7087, 70D2, topography
7181, 71D1, 71G1, 7131 59111, 60W11, 63P1, 614H2, 6501, 66R1, 67L.

oscillation (US) (of the ultrasonic bonding 67R1, 67R2, 69A3, 69P1, 70D2, 70P1, 713 .,

tool) 71P2
69B6, 7082, 70B3, 70D2, 70111, 71B1, 7101, Test (used to evaluate fabrication procedures

wear (TCO (of the thernocompression bonding aond poitroes)

683tool) 59AI, 59W1, 61J1, 65,71, 65P1, 67,11

bond temperature
wear (US) [of the ultrasonic bonding tool) 61J1

67R1, 7131
centrifuge

Rigidity (importance of in] 63111, 64711, 65B1, 65R1, 67K1, 68R2, 6982
apparatus interferometer

67R2, 68U5, 69P1, 69111 7082, 7083, 7087, 70B2, 70111
70B8, 70D2: 7181, 718B4', 7131 mechanical shock

terminal (de-vicel 3I 41 5R,6R,6B
68U15, 69P1, 70D2, 7182 611 41,6R,6R,68

metallurgical exampackage 59111, 6031, 6032, 60111, 6131, 65H12, 6531,
69111, 70D2, 7131 66C2, 6731

Wire photoelastic stress analysis
care 6~

64C1, 67B2, 68S1, 70A3
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4B Subject Area Key Word Listing (continued)

FABRICATION - DEGRADATION

pull 68U1, 6984, 69B5, 69K3, 69K4, 69L1, 6901,
57C1, 59W1, 60W1, 61A1, 63M1, 63P1, 63W.:, 6902, 69P1, 69S3, 69U1, 70AM, 70B2, 70C1,
64112, 65B1, 65C5, 65H1, 65H2, 65J1, 65S1, 70P2, 70V1, 7131, 7134, 71G2, 7181, 71RI
66B4, 66C1, 66G2, 66R1, 66W1, 67H1, 67K1, Al (pure) [pure aluminum)
67L1, 67R2, 68B1, 68U1, 6913, 6902, 6981, 67R2, 702
69S1, 69Ul, 70B3, 70B7, 70B8, 70C1, 70D2 ,
71DI, 7101 Al/Mg [aluminun hardened with magnesium]

pull (nondestructive) 6981, 70P1

65B1, 66B4 Au [gold]
61G1, 6481, 64S1, 64U1, 65C3, 65C4, 65C5,

radiotracer 65H1, 65H2, 65R1, 65R2, 65S2, 66B,, 66B3,
61JI, 69H1 66B4, 66B5, 6602, 66L2, 67A1, 67B3, 67C1,

resistance 67C3, 67G1, 67K1, 67K2, 67P1, 67S1, 67S5,
63M1, 63P1, 6602, 6611, 67R2, 70C1 67A3, 68F1, 6801, 68H2, 68L1, 68141, 68M2,

shear 6881, 68R2, 69A2, 69B3, 69B4, 69K4, 69L1,
6901, 69S1, 69S3, 69T1, 70A], 70/2, 70B1,

61DI 64A1, 66,a 70D1, 70H2, 70P2, 70R1, 70V1, 71Ma, 71C1,

temperature cycle 71H2, 7181, 71SI
b3Pl, 69B2

film
thermal shock Ag [silver]

63P1, 62¶' 64M1, 66CI, 67R2 6971

US probe Ag/Cr [silver or chromium]
69D2 67S5

vibration (variable frequency) Al [aluminum]
63W1, 64M1, 65RI, 68R2 64Pi, 64S1, 64UI, 65C3, 65C4, 65C5, 65H1,

visual inspection 65H2, 65RI, 65R2, 65S2, 66B2, 66B3, 66B5,
57A1, 60J1, 61A1, 63M1, 6381, 67LI, 67R2, 66B7, 66G2, 66K1, 67AI, 67B3, 67C1, 67C3,
68U1, 6981, 69U1, 70C1, 70D2, 71G1 67K1, 67K2, 67L1, 67F1, 67R1, 67R2, 67SI,

67S5, 67A3, 68G1, 68G2, 68H2, 68M2, 68P1,
visual inspectior (SE6) 68R2, 68U1, 69A2, 69B4, 69B5, 69K4, 69L1,

69C2, 70B7, 7088 6901, 6902, 69S1, 69S3, 69T1, 70A1, 70A2,
70B2, 70C1, 7001, 70R1, 70V1, 716B, 71B4,

Trouble Shooting 7m1thods for locating and co8- 71PI, 71SI
rectizg deficiencies in fabri-
cating procedures] Au [gold]

69U1, 71HI C4S1, 64U1, 65C5, 65RI, 65S2, 67AI, 67PI,
67SI, 68H2, 6812, 68R2, E9K3, 69K4, 69L1,

DEGRADATI, [degradation or failure] 5901, 6902, 6963, 69T1, 70A1, 70B1, 71B3,
bond 7181, 71S1

TC [thermocompression] Au/Cr [gold on chromium]
61GI, 64P1, 64S6, 640U, 65C3, 65C4, 65C5, 6GRI, 67LI, 67RI, 67R2
65HI, 65H2, 15RI, 65R2, 6562, 66B2, 66B3,
66B4, 66B5, 66G2, 66L2, 67AIl 67A3, 67B3, Au/Mo [(gold on molybdenum]
67C1, 67G1, 67K1, 67K2, 6781, 6761, 67S5, 65C5, 67C1, 67G1, 6781, 6761, 67S5, 69P4
68A3, 68F1, 68GI, 68G2, 68H?, 68M1, 68M2, Au/Mo!AI (gold on molybdenum on aluminum]
6881, 68R2, 69A2, 69B3, 69B4, V£.'4, 69Ll, 67S5, 70A2
6901, 6902, 6961, 6971, 70AI, 7(A2, 70BI,
7)D1, 70H2, 7011, 70S2, 70V1, 7%B3, 71H12, Au/Mo/Pt [gold on molybdenum on platinum'
74P1, 71R1, 7161 57CI

US [Cltrasonic] Au/Pt/Ti [go.d on platinum )n titani m]
59W1, 60W1, 66KI, 66L3, 66RI, 67A3, 67C3, 6755

67P1, 67LI, 67RI, 67R2, 6761, 68A3, 68f1, Au/Ti/Al [gold on titanium on aluminum]
6811, 68U1, 69B5, 6903, 69K4, 69LI, 6901, 70A2
6902, 6981, 69U1, 70A1, 70B2, 70B8, 70C1,
7011, 70V1, 7161, 71B4, 71G1, 71G2, 7111, 0.-tI [chromium on aMiinui]
71RI 6755

wirc [nickel]
Al [, uminum hdarened with silicon oi so %TI

implied]
64SI, 64U1, %oC5, 65R1, 6bB4. 66K1, 66R1, thlic r film
67A3, 67C0, 67L1 F 7PI, 67,R1, 67R2, 6751, Ag/Pd [si!ver-palladium composition]
6752, 67S5, 0811, F8G1, 6862, 68MI, 68R2, 63P3
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4B Subject Area Key Word Listing (contirued)

DEGRADATION

Au [gold) test (temperature cycle)
69B3, 71G2 66K1, 70B4, 01H1, 70H2, 7112, 71T,l, 7lPl,

71Sa
substrate test (thermal shock)

alumina 64U1, 67G1, 67R2, 69T1, 70B1, 70B4, 70H1,
65R2, 66R(1, 67L1, 67R2 71B3, 71SI

beryllia test (US stress)
66R1, 67L1 69K4

BN [boron nitride] ther)
65R2 61B1, 64S1, 64U1, 65C3, 6bC4, 65C5, 65H1,

FeNiCo [iron-nickel-c)balt all3y] 65H2, 66RI, 65R2, 65S2, 66B3, 6bB4, 66B5,
64S1, 66B4, 66K1, 67P1, 69K3 66G2, 66K1, 66R1, 67A1, 67B3, 67C1, 67Cý,

glass 67G1, 67K2, 67L1, 67P1, 67R1, 67R2, 67S.,
65H1, 65H2, 65R2 67S2, 67S5, 67A3, 68G1, 68G2, 68P1, 68R-,

68T1, 69A2, 69B3, 69B4, 69B5, 69K3, 69L1,
sapphire 6901, 6902, 69PI, 69SI, 69S3, 69T1, 70A1,

66R1, 67L1, 67R2 70A2, 70B2, 70C1, 70P1, 70P2, 70R1, 70V1,

Si [silicon] 71G2, 71P1, 71RI
61G1, 64S1, 65R2, 65S2, 67Ll, 67PI, 67R2,
69U1 Part [part acfected, primarily of the wi-e bond]

bond

silica (95%) 59W1, 69W1, 613B, 64PI, 64S1, 64U1, 65C3,
67R2, 67LI 65C4, 65C5, 65H1, 65H2, 65R1, 65R2, 65S2,

application 66B2, 66B3, 66B4, 6685, 66G1, 66G2, ".6KI,

plastic device 66L2, 6601, 67A1, 67A3, 67B3, 67'fl, 67C2,

6861, 69-T1 70B1, 70B4, 70111, 70112, 71B3, 67C3, 67G1, 67K2, 67LI, 67PI, 67R1, 67R2,

71112 67S), 6755, 68A3, 68F1, 68H2, 68M2 68P1,
68T1, 69A2, 69B4, 69K3, 69K4, 69S], 69S3,

hybrid devices 69T1, 70A2, 70B1, 70B8, 7001, 76Ci, 70H2,
67L1, 70S2, 71L1, 71S1 IF3, 71B4, 71G0, 71H2, 71P1, 71S1

met~allization
Stress [that produces a weakened wire bond as a 641i, 65S2, 66B7, 66za1, 670, 6761, 67R1,

result of the fabrication process or that 6742, 68S2, 69A2, 7063, 70G2, 7112, 716I

r:sults in degradation or fiilure of an

alreody completed wire bond) substrate
electrical 61G1, 65S2, 67G1, 68M2, 68U1, 69U1, 70CI

67B3 wire
mechanical 64P1L, 6"14I, 65H1, 65H2, 65K1. 65S2, 66B2,

70W2 66B4, 66G1, 66G2, 66KI, 66L3, 67A3, 67G1,
moisture 67L1, 67R2, 67S1, 67S5, 67A?, 68GI, 68G2,68112, 6861, 6935, 69W'., 6902, 691>1, 69Th,

66B7, 69T1, 70B4, 70H2, 71H2, 71L1 70A1, 7031, 7032, .uW., 06 02, VOi,6
7OA1, 70B1, 70B2, o0B4, 70C1, 70H2, 70VI,

process 70W2, 71B1, 71B3, 71B4, 71G0, 71G2, 71H2,
59W., 60W1, 61G1, 64PP, 64U1, 65R2, 65S2, 71L1, 71P1, 71RI, 71S6
66B3, 66B5, 66G1, 66K1, 66L3, 67A3, 67C2, device [the device of which the wire bond is
67G1 67P1, 67L1, 67RI, 67R2, 67S1, 67S5, a part)
68H2, 68L1, 68M2, 68P1, 68U1, 63L1, 69U1, 67a2, 69par , 70P

70B4, 70B8, 70C1, 71B1, 71B4, 71G0

radiation Mechanism
66L2, 6601 anneal [wire anneal]

test (centrifuge) 66KI, 67S5, 68A3, 6911, 69B5, 69L1, 6901,

64P(1, 641i, 652, 67G1, 6701, 7101 6902, 69P1, 7OAM, 70B2, 70CI, 71B4, 71R1

test (mechanical shock) contamination [on or in the :)arts of the wire
6501 710a sbond before -cc after bonding)
65Ui, 71SI 65S2, 66G0, S6"1, b7C2, 67G1, 67P1, 6702,

test (mechanical shock (radiation-induced)) 68H2, 68M2, 6911, 69P1, 70DI, 70P1, 71L]
68F1 corrosion

test (mechanical shock) 65S2, 66B7, 67C1, 69T1, 70B4, 70t2, 71h2,

71S1 71LI

test (pull) fatigue [metal fatigue]
70A1, 70B8 59W1, 60W1, 65KI, 68CI, 68G2, 70L'4, 70VI,

70W2, 7161, 71P1, 7±RI
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4B Subject Area Key Word Listing (continued)

DE•RADATION

electwoigration x-ray
6703 68L1, 70B4

grain growth Failure Rates [general reliability data; rela-
66G2, 66KI, 68P1, 6902, 70A1, 71RI tive percentages of failure modes]

hardering [of the w1-eJ TC [thermocompression wire bonds]
59WI, 60W1, 66L. 64Ul, 66B2, 67GI, 67PI, 67S1, 68H2, 68MI,

intermetallics [intermetallic compounds and 68R2, 69B4, 69K4, 69L1, 6901, 70S2, 70V1

the Kirkendall effect] US [ultrasonic wire bonds]
61B1, 6•1P, 648I, 64Ul, 65C3, 65C4, 65C5, 67PI, 67S1, 68M1, 69K4, 69LI, 6901, 70V1
65H1, 65H2, 65X1, 65R2, 65S2, 66B2, 66B3, general
66B4, 66B5, 66G1, 66G2, 66W1, 67A1, 67A3, ge Eral
67B2, 67B3, 67Cl, 67C3, 67C4, 67K1, 67K2, 68E2, 70B1, 70H1
67L1, 67,Pl, 67R1, 67R2, 6-S1, 67S5, 68A3,
68H2, 68M2, 68P1, 68R2, 68T1, 69A2, 69B4,
69K3, 69LI, 6901, 59S1, 69S3, 70A2, 70P2,

spallation [separation of a material or in-
terface causec by stress-wave in-
teractions]

6601, 68F1

thermal mismatch
65S2, 68H2, 69T1, 70B1, 70B4, 70H2, 71B3,
71H2

Test [used to determine degradation or failure]
centrifuge

65C5, 65S2, 66G1, 67G1

electron microprobe
67C2

electrical parameter
,7S2, 69PI

metallurgical exam
59W1, 60W1, 6503, 65C4, 65H1, 65H2, 66B3,
66B5, 69K3, 70P2

pull
59W1, 60W1. 64SI, 65C4, 65C5, 65H1, 65H2,
66B4, 66G2, 66XI, 66R1, 67C3, 67RI, 67R2,
67S5, 67A3, 67Ll, 9001, 69B3, 69B5, 69L1,
6901, 6902, 69?1, 70A2, 70B2, 70C1, 70P2,
70R1, 70V1, 71B4, 71GI, 71R1

resistance
65H2, 65S2, 66B3, 66B5, E6G2, 66R1, 67C3,
67K2, 67L1, 67RI, 67R2, 67A3, 69Y2,. 70A2,
70B4, 70C1, 70R1, 71G2, 71L1

shear
67A1, 67G1, 69LI

temperature cycle
65C5, 66G1

vibration (fatigue)
65C5

vibration (vpriable fr,,-.ancy)
66G1

visual inspect ion
C5C3, ";OCI

visual inspectien (SEM)

6703, 67GI, 68P1, 69S1, 70Af, 70B8, 70D1,
70VI
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5. Bibliogeaphy

57A1 Anderson, 0. L., H. Christensen, and Theory: US
P. Andreatch TEST-bond: US
TECHNIQUE FOR CONNECTING ELECTRICAL Description: bond monitor
LEADS TO SEMICONDUCTORS EXPERIMENTAL
J. Appl. Phys., vol. 28, p. 923, Aug.
1957.

FABRICATION-bond: TC; wire: Ag, Al, Au, Cu; 59R1 Renaut, P.
substrate: Ge, Si APPARATUS FOR THE DETERMINATION OF THE

Procedure EXISTENCE OR NON-EXISTENCE AND THE
Schedule QUALITY OF A BONDING BETWEEN TWO PARTS
Variables OR MEMBERS
Test: visual inspection U.S. Patent 2,903,886; Sept. 15, 1959.
DESCRIPTIVE TEST

Description: ultrasonic probe
PATENT

57A2 Anderson, 0. L.

- ADHESION OF SOLIDS: PRINCIPLES APD
APPLICATIONS 59Wl Weare, N. E., J. N. Antonevich, R. E.
Bell Lab. Rec., vol. 35, pp. 441-445, Monroe, and D. C. Martin
Nov. 1957. RESEARCH AND DEVELOPMENT OF PROCEDURES

FABRICATION-bond: TC; wire: Ag, Al, Au, Cu, FOR JOINING OF SIMILAR AND DISSIMILAR
Pb, Pt, Sn; substrate: Ge, Si HEAT-RESISTING ALLOYS BY ULTRASONIC

Theory: TC WELDING
Evaluation: bond (adhesion) Rpt. (July 1957 to June 1958), Contract
DESCRIPTIVE No. AF 33(616)-5342, Feb. 1959.

AD 208323 [summarized in EOWlJ.
FABRICATION-bond: US

58C1 Christensen, H. Theory
ELECTRICAL CONTACT WITH THERMO- Schedule
COMPRESSION BONDS Variables
Bell Lab. Rec., vol. 36, pp. 127-130, Apparatus: design
April 1958. Tool: design

FABRTCATION-bond: TC; wire: Ag, Al, Au; sub- Bonding Surface: contamination; mechanical
strate: Ge, Si characteristics; preparation; topo-

Procedure graphy
Variables Test: bond monitor; metallurgical exam; pull
Test: pull DEGRADATION-bond: US
DESCRIPTIVE Stress: process

Part: bond
Mechanism: fatigue; hardening

59A1 Antonevich, J. N. Test: metallurgical exam; pull
- ULTRASONIC WELDING EQUIPMENT EXPERIMENTAL

IRE Intern. Cony. Record, vol. 7,
pt. 6, pp. 204-212, 1959.

FABRICATION-bond': US 60J1 Jones, J. B.,j 1. Maropis, J. G. Thomas,
Theory: US and D. Bancroft
Schedule- FUNDAMENTALS OF ULTRASONIC WELDING-
Variables PHASE II
Apparatus: design Final Rpt. (Dec. 1, 1958 to Feb. 1,
Test: bond monitor; pull 1960), Contract No. NOas 59-6070-c,
DESCRIPTIVE Dec. 196(. AD 257514.

FABRICATION-bond: US
Theory

59J1 Jones, J. B., N. Maropis, J. G. Thomas, Procedure
and D. Bancroft Schedule
FUNDAMENTALS OF ULTRASONIC WELDING- Variables
PHASE I Apparatus: description
Final Rpt. (Dec. 1, 1957 to Dec. 1, Test: metallurgical exam; visual inspection
1958), Contract No. NOas 58-108c, May TEST-bond: US
1959. AD 235508 [sumrnarized in 61J1]. Description: bond monitor

FABPYOATION-bond: US EXPERIMENTAL
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60J2 Jones, J. B., W. C. Elmore and C. F. 61B1 Bernstein, L.
De Prisco GOLD ALLOYING TO GERMANIUM, SILICON
MErHOD AND APPARATUS EMPLOYING VIBRA- AND ALUMINUM-ILICON EUTECTIC SURFACES
TORY ENERGY FOR BONDING METALS PART 2
U.S. Patent 2,946,119; July 26, 1960. Semicond. Prod., vol. 4, pf. 35-39,

FABRICATION-bond: US Aug. 196]
The'ry DEGRADATIP'T
Evaluation: US Stress: tiLer
Procedure Part: bond
Variables Mechanism: intermetallics
Apparatus: design EXPERIMENTAL
Test: metallurgical exam
PATENT

61D1 De Prisco, C. F.
METHOD AND APPARATUS FOR BONDING METALS

6OW1 Weare, N. E., J. N. Arntonevich, and U.S. Patent 3,002,270; OQt. 3, 1961.
R. E. Monroe FABRI(ATION-bond: US
FUNDAMENT8L STUDIES OF ULTRASINIC WELD- Eval, ation: arparatus
ING Appa :atus: adjustment
Welding J., vol. 39 (supplement), pp. Test. shear
331S-341S, Aug. 1960. [summary of PATENT
59WI]

FABRICATION-bond: US
Theory: US 61G1 Goetzberger, A.
Scheduie INVESTIGATION OF CRYSTAL IMPERFECTIONS
Variables BY MEANS OF AVALANCHE BREAKDOWN PAT-
Apparatus/ design TERNS OF VERY T;:IN DIFFUSED JUNCTIONS
Tool, design IN SILICON
Bonding Surface: contamination; mechanical InternationaZ Conf. on Semiconductor

characteristics; preparation; topo,- Physics, Prague, 1960, Academic Press,
graphy New York, 1961, pp. 908-811.

Test- metallurgical exam, pull DEGRADATION-bond: TC; wire: Au; substrate., Si
DEGRADATION-bond: US Stress* process
Stress: process Part, substrate
Part: bond EXPERIMENTAL
Mechaniaml hardening; fatigue
Test: metallurgical exam, pull
EXPERIMENTAL 61J1 Jones, J. B., N. Maropis, J. G, Thomas,

anu D. Bancroft
PHENOMENOLOGICAL CONSIDERATIONS IN

61A1 Anderson, 0. L. and H. Christensen ULTRASONIC WELDING
THERMO-COMPRESSION BONDING OF METAL TO welding J., vol.: 40 (suppl,,ment),
SEMICONDUCTORS, AND THE LIKE pp. 289S-305S July 1961. [summary of
U.S. Patent 3,006,067; Oct. 31, 196_. 59J1]

FABRICATION-bond: TC; wire: Ag, Al, Au, FALRICATION-bond, US
Au/Cu, Cu, Sn/Cu; substrate. Ge, S, Theory

Theory Evaluation, US; metal system
Procedure Schedule
Variables Variables
Test. pull' visual inspection Test: bond monitor; bond temperature; metal-
PATENT lurgical exam; photoelastic stress an-

alysis; radiotracer
TEST-bond[ US

61A2 Ayre, R. S. Description, bond monitor
- TRANSIENT RESPONSE TO STEP AND PULSE EXPERIMENTAL

FUNCTIONS
Shock ,and Vibration Handbook, Volume 1
Basic Theory 2ndMeasw-,eme- s 62Ji Jones, J. B.
C. M. Harris and C. E, Cre -, Eds., VIBRATORY WELDING PROCESS AND APPARATUS
McGrgw-Hill Book Co., Inc., New York, U.S. Patent 3,056,192; Oct. 2, 1962.
1961, pp. 8-1 to 8-54, TEST-bond, US

TEST Description: bond monitor
Application: mechanical shock PATENT

THEORETICAL 22



62M1 Matsuura, E., K. Matsui, and R. R. Bonding Surface: preparation; topography
Hasiguti Test: pull; resistance; temperature cycle;

TECHNIOUE FOR OHMIC CONNECTING LEADS TO thermal shock; visual inspection

SILICON DESCRIPTIVE
J. Appl. Phys., vol. 33, pp. 1610-1611,
April 1962.

FABRICATION-bond: TC; wire: Ag, Au, Cu; film: 63WI Weiler, P. M., Ed.

Al, Bi, Ga, In, So; substratez Ge, Sij PRODUCTION ENGINEERING MEASURE 2N914

Procedure AND 2N995
DESCRIPTIVE Final Rpt. (May 1, 1962-Oct. 31, 1963),

Contact No. DA-36-039-SC-86726, Oct.

62P1 Peterson, J. M., H. L. Mc1a-g, and 1963. AD 429 920

C. F. De Prisco FABRICATrON-bond: TC, US; .aire: Ag, Al, Au,

ULTRASONIC WELDING IN ELECTRONIC DE- P1; film: Ag, Ag/Al; Ag/Cr, Ag/Cr-Al,

VICES Al, Au, Au/Ag/Cr-Al, Au/Pl

IRE Intern. Cony. Record, vol. 10, Evaluation: TC; US; metal system (TC); tool
pt. 6,tep. 3ony. 1962. (TC,US); wire (US)pt. 6, pp. 3-12, 16.Schedule: US

FABRICATION-bond: US Variables: US

teor : Apparatus: aJustment (TC); description (US);
Evaluation: US design (TC, US)

Apparatus: description Tool: design (TC, US)

DESCRIPTIVE Wire: mechanical characteristics

Test: centrifuge, mechanical shock, pull,
63L1 Longo, T. A. and B. Selikson thermal shock, vibration (variable fre-

ALUMINUM WIRE BONDING OF SILICON TRAN- quency)
SISTORS TEST
Semicond. Prod., vol. 6, pp. 27-31, Description: centrifuge; mechanical shock;
Nov. 1963. pull; thermal shock; vibration (vari-

DEGRADATION-bond: TC; wire: Al, Au, Agý filmf able frequency)
Al, Au; substrate: Si, FeNiCo DESCRIPTIVE

Stress: process; thermal
Part: bond
Mechanism: inte.-metallics 64A1 A, le, W. X.
ANALYTIC FK, TION TECHNIQUE FOR OPTIMUM THERMO-

COMPRESSION BONDS

63M1 McKinnon, M. C. and R. F. Hoeckelman IEEE Trnas. Component Parts, vol. CP-lO,

MECHANICAL AND ELECTRICAL PROPERTIES pp. 25-29, Dec. 1964

OF THERMOCOMPRESSION BONDS FABRICATION-bond: TC; wire: Ag, Al, Au; sub-
sti'te: Si

IEEE Intern. Cony. Record, ',o. 1l, TheorS

pt. 6, pp. 93- 3, March 1963. Theory
FABRICATION-bond: TC, wire: Al, Au, Cu, Pt, VariaSleo

Ti, Zr; film: Al, Au/Al, Au/Cr, NiCr, Test: sea

Ta, Ti; substrate: Si Test: shear

Theory EXPERIMENTAL

Evaluation: bond (adhesion)
ScheduleVariables 64C1 Cohn, A.
Apparatus: design GOLD BONDING WIRES

TestA pull; resistance; visual inspection Semicond. Prod. Solid State Technol.,

TEstEIME pl resvol. 7, pp. 18-20, July 1964.
EXPERI MENTAL FABRICATION-wire: Au, Au/Ni, Au/Pt, Au/W

Wire, care; mechanical characteristics
63PI Phillips, L. S. DESCRIPTIVE

THERMOCOMPRESSION BONDING TO THIN FILM
MICROCIRCUITS
Brit. Commun. Electron., vol. 10, 64C2 Clunie, -1. M. and N. H. Rock
pp. 456-458, June 0963. THE LASER FEEDBACK INTERFEROMETER

FABRICATION-bond: TC; wire:. Au; filmn AI/Cr, J. Sed. Instruments, vol. 41, pp. 489-
Au/Cv substrate: ceeamic, glass 492, Aug. 1964.

Evaluation. TC; bord (adherence) TEST-bondý 0S
Schedule Application: bond monitor
Variables PXPERIMENTAL
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60D1 Davidson, K. W. 64M1 Myers, D. K.
RELIABILITY IMPROVEMENT PROCESS EVAL- SMALL BALL BONDING
UATION Proc. Conf. n Reliability of Semi-
Proc. Conf. on Reliability of Semicon- conductor Devices aad Integrated Cir-
ductor Devices and Integrated Circuits, cuits, vol. 2, sect. 28, pp. 28.1-
vol. 1, sect. 14, pp. 14.1-14.34, June 28.6, June 1964. AD 645222
1964. AD 645221 FABRICATION-bond: TC; wire: Au; film: Al

FABRICATION-bond: TC; wire: Al; film: Al, Au Evaluation: bond (ball); tool
Evaluation: bond (stitch) Procedure
TEST-bond: TC; wire: Al Apparatus: design
Evaluation: pull (nondestructive) Test: centrifuge; mechanical shock; thermal
DESCRIPTIVE shock; vibration (variable frequency)

DESCRIPTIVE

64D2 De Prisco, C. F. and W. M. Barfield
METHOD AND MEANS FOR OPERATING A GEN- 64P1 Partridge, J., L. D. Hanley and E. C.
ERATING MEANS COUPLED THROUGH A TRANS- Hall
DUCER TO A VIBRATORY ENERGY WORK PER- PROGRESS REPORT ON ATTAINABLE RELIA-
FORMING DEVICE BILITY OF INTEGRATED CIRCUITS FOR
U.S. Patent 3,158,928; Dec. 1, 1964. SYSTEMS APPLICATION

FABRICATION-bond: US Symp. on Microelectronics and Large
Apparatus: adjustment Systems, Washington, D. C., cospon-
PATENT sored by ONR and UNIVAC, Nov. 1964.

(12)
DEGRADATION-bond: TC; wire: Au; film: al

64Hl Hill, P, Stress: process; test (centrifuge)
UNIFORM METAL EVAPORATION Part: wire; bond
Proc. Conf. on Reliability of Semiccn- Mechanism: intermetallics
ductor Devices and Integrated Circvits, DESCRIPTIVE
vol. 2, sect. 27, pp. 27.1-27.10, June
1964. AD 645222

rABRICATION-bond: TC; wire: Au; film: Al 64S1 Selikson, B., and T. A. Longo

Bonding Surface: film thickness; preparation A STUDY OF PURPLE PLAGUE AND ITS ROLE
EXPERIMENTAL IN INTEGRATED CIRCUITS

Proe. IEEE, vol. 52, pp. 1638-1641,
Dec. 1964.

64H2 Howell, J. R. and J. W. Slemmons DEGRADATION-bond: TC; wire." Al, Au; film:
- EVALUATION OF THERMOCOMPPESSION BOND- Al, Au; substrate. FeNiCo, Si

ING PROCESSES Stress: thermal
Presented to 9th Welded Electric Pack- Part:, bond
aging Association Symposium, Santa Mechanism: intermetallics
Monica, California, Feb. 27, 1964; Test: pull
Autornetics Report No. T4-240/3110, FABRICATION-wire: Al, Au; film. Ag/Cr, Al,
March 1964. (13) Au, Cr/Al, P1, Pt

FABRICATION-bond: TC; wire: Auý film-, Al, Evaluation: metal system
Pt; substrate: Si DESCRIPTIVE

Procedure
Schedule
Variables 64U1 Univac
Control: temperature FINAL REPORT FOR INTEGRATED CIRCUIT
Tool: design STUDY
Bonding Surface: contamination; topography Contract No. NObsr 89341, Aug. 1964.
Test: pull AD 605432
TEST-bond: TC DEGRADATION-bond: TC; wize: Al, Au; film:
Evaluat'on: visual inspection Al, Au
REVIEW Stress: process; test (centrifuge, mechan-

ical shock, thermal shock); thermal
Part: wire, bond; metallization

64J1 Johnson, W. G. Mechanism: intermetallics
LEAD BONDING MACHINE Failure Rates
U.S. Patent 3,125,906; March 24, 1964. EXPERIMENTAL

FABRICATION-bcad: TC
Apparatus: design
PATENT 24



64l Worlton, D. C. and R. A. Walker IEEE WESCON Convention Record, vol. 9,
METHOD AND DEVICE FOR CONTROLLING Session 16B.3, pp. 1-10, July 1965. [2]
ULTRASONIC WirLDING APPARATUS DEGRADATION-bond: TC; wire: Au; film: Al
U.S. Patent 3,153,850; Oct. 27, 1964. Stress: thermal

TEST-bond: US Part: bond
Description: bori monitor Mechanism: intermetallics
PATENT Test: metallurgical exam; pull

EXPERIMENTAL

65B1 Baker, D. and I. E. Bryan
AN IMPROVED FORM OF THERMOCOMPRESSION 65C5 Cunningham, J. A.
BOND EXPANDED CONTACTS AND INTERCONNEXIONS
Brit. J. Appl. Phys., vol. 16, pp. 865- TO MONOLITHIC SILICON INTEGRATED CIR-
871, June 1965. [similar to 6684] CUITS

FABRICATION-bond: TC; wire: Al, Au; film: Al, Solid State Electron, vol. 8, pp. 735-
Au; substrate: FeNiCo 745, April 1965.

Evaluation: bond (ball, wedge); tool; wire FABRICATION-bond: TC; wire: Au; film: Al, Au,
Schedule: TC Au/Ag, Au/Co, Au/Cr, Au/Mo, Au/Ni;
Tool: design substrate: Si
Bonding Surface: contamination Evaluation: metal system; metallization
Test: centrifuge, pull, pull (nondestructive) Bonding Surface: film thickness
TEST-bond: TC Test: pull
Description: pull (nondeatructive) DEGRADATIONh-bond: TC; wire: Al, Au; film: Al,
Correlation: centrifuge; pull Au, Au/Mo
DESCRIPTIVE Stress: thermal

Part: bond
Mechanism: intermetallics65C1 Cohen, J. Test: centrifuge; pull; tempe ature cycle;

PLATINUM-SILICON THERMO-COMPRESSION vibration (fatigue)
BONDS ANALYTIC
Solid State Electron., vol. 8, p. 79,
Jan. 1965.

FABRICATION-bond: TC; wire: Pt; substrate: Si 65D1 Daniels, H. P. C.
Procedure ULTRASONIC WELDING
DESCRIPTIVE Ultrasonics, vol. 3, pp. 190-196, Oct.-

Dec. 1965
FABRICATION-bond: US; wire., Al, Au; substrate:

65C2 Cummings, D. G. Ge, glass, Si
IDENTIFICATION OF THERMAL COMPRESSION Theory
BOND FAILURES Variables
IELE WESCON Convention Record, vol. 9, Apparatus: design
Session 16B.l, pp. 1-3, July 1965. [2] Tool: design

TEST-bond: T(; wire: Au; film: Al Bonding Surface; topography
PrIcaution: 'esistance REVIEW
DESCRIPTIVE

65H1 Howell, J. R.
65C3 Cciteryahn, L. E. and D. D. Shaffer INFLUENCE OF BONDING VARIABLES ON AU/AL

CHARACTERIZATION OF FAILURE MODES IN TC BOND FAILURE
GOLD-ALUMINUM THERMOCOMPRESSION BONDS Proc. Second Physics of Failure Col-
IEEE WESCON Convention Record, vol. 9, loquim (CQAP), pp. 71-79, June 4,
Session 16B.2, pp. 1-8, July 1965. [2] 1965, presented on March 29, 1965

DEGRADATION-bond: TC; wire: Au; film: Al at North American Aviation, Inc.,
Stress: thermal Autonetics, Anaherm, California
Part: bond 92803, [similar to 65H2C (13)
Mechanism: intermetallics FABRICATION-bond: TC; wire." Au; film- Al;
Test: metallurgical exam; visual inspection substrate: glass
DESCRIPTIVE Variables

Control: temperature
Bonding Surface: film thickness; preparation

65C4 Colteryahn, L. E. and J. F. Kersey Test: pull
FAILURE MECHANISMS AND KINETICS OF IN- DEGRADATION-bond: TC; wire: Au; film: Al; sub-
TERMETALLIC FORMATION strate,: glass
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65H1 (cont.) Wire: contamination; mechanical character-
istics; topography

Stress: thermal DEGRADATION
Part: wire; bond Part: wire
Mechanism: intermetallics Mechanism: fatigue
Test: metallurgical exam; pull ANALYTIC
EXPERIMENTAL

65M1 Maki, C. E., F. W. Hagert, H. J. Avil,
65112 Howell, J. R. and J. W. Kanz L. Kirvida, M. N. Asmus, W. T. Sackett,

TIME-TEMPERATURE EFFECTS ON GOLD- Jr., C. R. Seashore
ALUMINUM THERMOCOMPRESSION BONDS DETECTION OF ELECTRICAL FAULTS BY
IEEE WESCON Convention Record, vol. 9, R. F. TECHNIQUES
Session 16B.4, pp. 1-19, July 1965. [2] Mater. Eval., vol. 23, pp. 285-291,

FABRICATION-bond: TC; wire: Au, film: Al; June 1965.
substrate: glass TEST

Variables Description: noise
Control: temperature EXPERIMENTAL
Bonding Surface: film thickness; preparation
Test: pull; metallurgical exam
DEGRADATION-bond: TC; wire: Au; film: Al; 65N1 Neppiras, E. A.

substrate: glass ULTRASONIC WELDING OF METALS
Stress: thermal Ultrasonics, vol. 3. pp. 128-135,
Part: wire; bond July-Sept. 1965.
Mechanism: intermetallics FABRICATION-bond: US
Test: metallurgical exam; pull; resistance Theory
EXPERIMENTAL Procedure

Variables
Apparatus: design

65H3 Hakim, E. B. and B. Reich DESCRIPTIVE
U.S. ARMY ADVANCEMENT IN TRANSISTOR
RELIABILITY THROUGH MANUFACTURING
PROCESS IMPROVEMENTS 65R1 Ruggiero, E. M.
IEEE Trans. Reliability, vol. R-14, ALUMINUM BONDING IS KEY TO 40-WATT
pp. 94-99, Oct. 1965. [see p. 98] MICROCIRCUITSTEST Electronics, vol. 38, pp. 98-104,

Evaluation: thermal shock Aug. 23, 1965.
DESCRIPTIVE FABRICATION-bond: TC; wire: Al, Au; film:

Al, Au
Evaluation, bond (ball, stitch, wedge);

65J1 Jones, J. B., G. W. Fable, A. L. wire
Jamieson, E. F. Nippes, N. E. Promisel, Procedure
F. N. Rhines, and R. K. Sager Test: centrifuge; mechanical shock; vibration
ULTRASONIC WELDING (variable frequency)
welding Handbook, A. L. Phillips, Ed., DEGRADATION-bond: TC; wire: Al, Au; film:
American :;W] ding Society, New York, Al, Au
1965, Chapt. 49, pp. 1-48. [8] Stress: thermal

FABRICATION-bond: US Part: bond
Theory Mechanism: intermetallics
Procedure DESCRIPTIVE
Schedule
Variables
Apparatus., design 65R2 Ruggiero, E. M.
Test.' bond monitor; metallurgical exam; pull GOLD-ALUMINUM ADHESION AND REACTION
REVIEW ON SEMICONDUCTOR SURFACES

Proc. IEEE Annual Microelectronics
Symp., pp. 6B-1 to 6B-4, May 1965.

65K1 Kramer, I. R. [2] (14)
EFFECT OF SURFACES ON MECHANICAL DEGRADATION-bond:: TC; wire: Au; film: All
BEHAVIOR OF METALS substrate' alumina, BN, glass, Si
Proc. 3rd Symp. on Fundamental Phenom- Stress: process; thermal
ena in the Materials Sciences, Boston, Part: bond
Mass.; vol. 3, pp. 171-193, Jan. 1965. Mechanism, intermetallics
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65R2 (cont.) Trans. Met. Soc. AIME, vol. 236,

pp. 392-396, March 1966. [similar to
FABRICATION-film: Al; substrate: alumina, BN, 64A.LJ

glass, Si FARICiTION-bond: TC; wire: Ag, Al, Au; film:
Evaluation: metal system; wire Al, Au, Ni; substrate: Si
Bonding Surface: preparation Theory
ANALYTIC Schedule

Variables
Test: shear

65S1 Slemmons, J. W. and J. R. Howell EXPERIMENTAL
BETTER BONDING METHODS INPROVE HYBRID
CIRCUITS
Electronics, vol. 38, pp. 86-92, 66A2 Angelucci, T. L. and F. W. Kulicke, Jr.
March 22, 1965. NAIL HEAD BONDING APPARATUS FOR THERMO-

FABRICATION-bond: TC; wire: Au; film: Al, COMPRESSIVELY SECURING LEAD WIRE TO
Au/NiCr, Cu/NiCr; substrate: alumina, SEMI-CONDUCTOR DEVICES
Si U.S. Patent 3,250,452; May 10, 1966.

Procedure FABRICATION-bond: TC
Control: temperature Procedure
Test: pull Apparatus: design
DESCRIPTIVE PATENT

65S2 Soltau, R. 66B1 Bagrowski, J., S. G. Konsowski, Jr.,
FAILURE MODES AND MECHANISMS IN MICRO- and G. D. Spencer
ELECTRONIC DEVICES INTERCONNECTION OF MONOLITHIC INTE-
Seminar on Reliability in Space Ve- GRATED 'IRCUITS THROUGH THE USE OF AD-
hicles, Los Angeles, Calif., April 2, VANCED MATERIALS AND TECHNIQUES
1965. (15) IEEE Trans. Pts. Materials Packaging,

DEGRADATION-bond: TC; wire: Au; film: Al, vo]. P•.1P-2, pp. 90-98, Dec. 1966.
Au; substrate. Si FABRICATION-bond: TC, US

Stress* process; test (centrifuge); thermal 2valuation: TC, USPart: wire; bond; metallization; substrate Variables: TC, US
Mechanism: contamination; corrosion; inter- DESCRIPTIVE

metallics; thermal mismatch
Test: centrifuge; resistance
DESCRIPTIVE 66B2 Browning, G. V.

FAILURE MECHANISMS IN MICROCIRCUITS
S Proc. Second Int. Symp. on Microelec-

65S3 Szasz, P. R. tronics, pp. 485-516, Munich, Germany,
BIND-BEAK WIRE BONDING INSTRUMENT FOR Oct. 1966. (13)
THERMOCOMPRESSIVELY SECURING LEADS TO DEGRADATION-bo,,d: TC; wire: Au; film: Al
SEMICONDUCTOR DEVICES Stress: process
U.S. Patent 3,216,640; Nov. 9, 1965. Part: wire; bonl

FABRICATION-bond: TC Mechanism: intermetallics
Apparatus: design Failure Rates
Tool: design DESCRIPTIVE
PATENT

66B3 Blech, I. A. and H., Sello
65W1 Wasson, R. D. SOME NEW ASPECTS OF GOLD-ALUMINUM

THERMOCOMPRESSION BOND TESTER BONDS
Proc., IEEE, vol. 53, pp. 1736-1737, J. Electrochem. Soc., vol. 113, pp.
Nov. 1965. 1052-1054, Oct. 1966.

TEST DEGRADATION-bond:. TC; wire: Au; film: Al
Description. pull Stress: thermal
DESCRIPTIVE Part: bond

Mechaoismf intermetallics
Test: metallurgical exam; resistance

-6A DEteRMININ TWE.FABRICATION-bond: TC; wire: Au; film: Al
DETERMINING THERMOCOMPRESSION BONDING Bonding Surface: film thickness
PARAMETERS BY A FRICTION TECHNIQUE ANALYTIC
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66B4 Baker, D. and R. Jones pp. 493-521. Ai) 637529. (see pp. 510-
NEW DEVELOPMF" S IN THERMOCOMPRESSION 516)
BONDING DEGRADATION-film: Al
Microelectronics and Reliability, vol. Stress: moisture
5, pp. 229-234, Aug. 1966. [similar to Part: metallization
65B1] Mechanism: corrosion

FABRICATION-bond: TC; wire: Al, Au; film: EXPERIMENTAL
Al, Au; substrate: Al, FeNiCo, Si

Theory
Evaluation: bond (ball, wedge); tool 66C1 Conti, R. J.
Tool: design THERNOCOMPRESSION JOINING TECHNIQUES
Bo-nding Surface: .ontamination FOR ELECTRONIC DEVICES AND INTERCON-
Test: pull, pull (nondestructive) NECTS
DEGRADATION-bond: TC; wire: Al; film: Au; Metals Eng. Quart., vol. 6, pp. 29-35,

substrate: FeNiCo Feb. 1966.
St,,-ss: thermal FABRICATION-bond: TC; wire: Ag, Au, Au/Cu,
Part: wire; bond Cu/Ni; substrate: Alumina, glass
Mechanism: intermetallics Evaluation: TC
Test: pull Schedule
TEST-bond: TC; wire: Al Variables
Description: pull (nondestructive) Control: temperature
DESCRIPTIVE Tool: design

Wire: size
Bonding Surface: contamination

66B5 Browning, G. V., L. E. Colteryahn Test: pull; thermal shock
and D. G. Cummings DESCRIPTIVE
FAILURE MECHANISMS ASSOCIATED WITH
THERMOCOMPRESSION BONDS IN INTEGRATED
CIRCUITS 66C2 Clews, K. J. and J. G. Young
Phyesics of FaiZure in EZectronics, vol. METALLURGICAL EVALUATION OF MICROCIR-
4, RADC Series in Reliability, M. E. CUIT INTERCONNEXIONS MADE BY THE
Goldberg and J. Vaccaro, Eds., 1966, PARALLEL-GAP PROCESS
pp. 428-446. AD 637529 Microelectronics and Reliability, vol.

DEGRADATION-bond: TC; wire: Au; film: Al 5, pp. 207-208, Aug. 1966.
Stress* process; thermal FABRICATION
Part: bond Evaluation. bond
Mechanism: intermetallics Test,- metallurgical exam
Test: metallurgical exam; resistance DESCRIPTIVE

DESCRIPTIVE

66E1 Eimbinder, J.
66B6 Bikerman, J. J. LINEAR INTEGRATED CIRCUITS

SOLID TO SOLID ADHESION EEE, vol. 14, pp. 76-86, Nov. 1966.
Symposium on Fundamental Phenomena in FABRICATION-bond: TC, US
the Mateu'ials Sciences, 2nd, Boston, Evaluation: TC; US; bond (ball, stitch,
1964. Surfcice phenomena. L. J. Bonis wedge)
and H. H. Hausner, Ed. "Fundamental DESCRIPTIVE
Phenomena in the Materials Sciences,
vol. 2", Plenum Press, New York, 1966,
pp. 165-174. 66G1 Go, H. T., N. J. McAfee and H. C. Jones

FABRICATION-bond: TC, US MICROELECTRONICS RELIABILITY FROM A
Theory SYSTEM MANUFACTURER'S POINT OF VIEW
DESCRIPTIVE Second Int. Symp. on Microelectronics;

Munich, Germany, Oct. 1966. (16)
DEGRADATION

66B7 Brandewie, G. V., P. H.: Eisenoerg, Stress.' process
and R. A. Meyer Part: wire; bond
INVESTIGATION OF SURFACE FAILURE Mechanism: contamination; intermetallics
MECHANISMS IN SEMICONDUCTOR DEVICE BY Test: centrifuge; thermal cycle; vibration
ENVELOPE AMBIENT STUDIES (variable frequency)
Physics of Failure in Electronics, vol. DESCRIPTIVE
4, M. E. Goldberg and J. Vaccaro, Eds.,
RADC Series in Reliability, 1966,
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66G2 Gianelle, . H. 66K2 Koedan, M.
ANALYSIS OF SEVEN SEMICONDUCTOR METAL- DETERMINATION OF SMALL DIMENSIONS BY
LURGY SYSTEMS USED ON SILICON PLANAR DIFFRACTION OF A LASER BEAN
TRANSISTORS Philips Tech. Rev., vol. 27, pp. 208-
P•y•ics of Failure in Elwtmnies, 212, Nov. 2, 1966.
vol. 4, M. E. Goldberg and J. Vaccaro, FABRICATION
Eds., RADC Series in Reliability, 1966, Wire: size
pp. 46-57. AD 637529 DESCRIPTIVE

FABRICATION-bond: TC; wire: Ag, Al, Au; film:
Ag, Ag/Cr, Al, Au, Au/NO

Evaluation: bond (ball, wedge); metal sys- 66K3 K6llner, H.
tern; wire METHOD AND DEVICE FOR BONDING A CON-

Bonding Surface: film thickness TACT WIRE TO A SEMICONDUCTOR MEMBER
Test: pull; resistance U.S. Patent 3,289,452; Dec. 6, 1966.
DEGRADATION-bond: TC; wire: Au; film: Al FABRICAT13N-bond: TC
Stress: thermal Apparatus: design
Part: wire; bond PATENT
Mechanism: grain growth; intermetallics
Test: pull; resistance
ANALYTIC 66L1 Larson, R. B.

MICROJOINING ?ROCESSES FOR ELECTRONIC.
PACKAGING PART 3

66H1 Hammond, V. J. Assembly Engineering, vol. 9, pp. 30-
THIN-FILM PREPARATION IN RELATION TO 33, Nov. 1966. (17)
MICROBONDING FABRICATION-bond: TC; wire: Au
Microelectronics and Reliability, vol. Evaluation: bond (ball, stitch, wedge); tem-
5, pp. 213-217, Aug. 1966. perature control

FABRICATION-bond: TC, US; film: Al, Al/Cr, Procedure
Au, Au/Cr; substrate: ceramic, glass Variables

Evaluation: metallization Control: temperature
Bonding Surface: preparation DESCRIPTIVE
DESCRIPTIVE

66L2 Landis, D.
6611 IEC CATASTROPHIC FAILURES IN SEMICONDUCTOR

BASIC ENVIROMENTAL TESTING PROCEDURES DEVICES EXPOSED TO PULSED RADIATION
FOR ELECTRONIC COMPONENTS AND ELEC- IEEE Trans. Nucl. Sci., vol. NS-13,
TRONIC EQUIPMENT PART 2: TESTS- pp. 591-600, June 1966.
TEST F: VIBRATION DEGRADATION-bond: TC; wire: Au
IEC Recommendation, publication Stress: radiation
68-2-6 (1966) and supplements Part: bond
68-2-6A, 68-2-6B and 68-2-6C; ANALYTIC
1966-1969. [31

TEST
Description: vibration (variable frequency, 66L3 Langenecker, B.

fatigue EFFECTS OF ULTRASOUND ON DEFORMATION
STANDARD CHARACTERISTICS OF METALS

IEEE Trans. Sonics Ultrason., vol. SU-13,
pp. 1-8, March 1966.

66K1 Khorouzan, M. and L. Thomas FABRICATION-bond: US
CONTAMINATION OF ALUMINUM BONDS IN IN- Wire: mechanical characteristics
TEGRATED CIRCUITS DEGRADATION-bond: US
Trans. Met. Soc. AIME, vol. 236, Stress: process
pp. 397-405, March 1966. Part: wire

DEGRADATION-bond: US; wire: Al; film: Al; Mechanism.- hardening

substrate: FeNiCo REVIEW
Stress: process; test (thermal cycle); ther-

mal
Part:, wire; bond
Mechanism: anneal; contamination; grain

growth
Test: pull
ANALYTIC 29



66L4 Lomardi, J. , L. McDonough, H. Padden Wire: mechanical characteristics
HI RELIABILITY SCREENING OF SEMI- bonding Surface: film thickness; topography
CONDUCTOR AND INTEGRATED CIRCUIT Test: pull; resistance
DEVICES DEGRADATION-bond: US; wire: Al; film: Au/Cr;
Final Rpt.qContract HAS 5-9639, Sept. substrate; alumina, beryllia, sapphire
19E. . X67-16772 Stress: thermal

TEST Part: metallization
Description: centrifuge; temperature cycle; Test: pull, resistance

vibration (monitored, variable fre- TEST-bond: US; wire: Al; film: Au/Cr; sub-
quency); visual inspection; x-ray strate: alumina, beryllia, sapphire

Evaluation: centrifuge; temperature cycle; Correlation: pull; resistance
vibration (monitored, variable fre- EXPERIMENTAL
quency); visual inspection; x-ray

DESCRIPTIVE
66W1 Wagner, R.

66MI Mann, R. M. SEMICONDUCTOR DEVICES WITH SILVER-

BAD WELD DETECTOR USES INTEGRATED GOLD LEAD WIRES ATTACHED TO ALUMINUM

CIRCUITSCONTACTSCIRCUITS U.S. Patent 3,271,635, Sept. 6, 1966.
TEDT vFABRICATION: wire: Au, Au/Ag; film.n A!

TEST Evaluation: metal system; wire
Description: resistance Test: pull
DESCRIPTIVE DEGRADATION

Mechanism: intermetallics
6601 Oswald, K. B., Jr. PATENT

FRACTURE OF SILICON AND GERMANIUM
INDUCED BY PULSED ELECTRON IRRADIATION
IEEE Trans. Nucl. Sci., vol. NS-13, 67RI Arleth, J. M. and R. D. Demenus
pp. 63-69, Dec. 1966. NEW TEST FOR THERMOCOMPRESSION MICRO-

DEGRADATION BONDS
Stress: radiation Electron. Prod., vol. 9, pp. 92, 941,
Part- substrate May 1967.
Mechanism: spallation TEST-bond: TC; wire: Au; film: Al, Au
EXPERIMENTAL Description: shear

DEGRADATION-bond: TC; wire: Au; film: Al, Au
Stress: thermal66P1 Partridge, J., E. C. Hall, and L. D. Part: bond

Hanley
THE ArPLICATION OF FAILURE ANALYSIS IN Mechanism: intermetallics
PROCURING AND SCREENING OF INTEGRATED Test: shear
CIRCUITS DESCRIPTIVE

Physics of Failure in Electronics,
vol. 4, M. E. Goldberg and J. Vaccaro, 67A2 Avedissian, M. K.
Eds., RADC Series in Reliability, 1966, THERMOCOMPRESSION BONDING APPARATUS

TEST p 95-139. AD 637529 U.S. Patent 3,313,464, April 11, 1967.

Description: centrifuge; vibration (variable FABRICATION-bond: TC

frequency); mechanical shock; Mil-Std- Procedure

750% temperature cycle; .isual inspec- Apparatus: design

tion PATENT

Screening Procedures
DESCRIPTIVE 67A3 Anstead, R. J.

FAILURE ANALYSIS USING A SCANNING
66R1 Riben, A. R., and S. L. Sherman ELECTRON MICROSCOPE

MICROBONDS FOR HYBRID MICROCIRCUITS Proc. 6th Annual Reliability Physics
PROGRESS REPORT Symposium, Los Angeles, Calif. pp.
Rpt. 8 (Nov. 1, 1965-Jan. 31, 1966)ý 127-137, Nov. 1967. [2]
Contract No. DA 36-039 AMC-03742 (E), DEGRADATION-bond: TC, USý wire:, Al, Au; film'
May 20, 1966. AD 633723 [summarized Al
in 67L1] Stress: process

FABRICATION-bond: US; wire: Al, film: Au/Cr; Part: wire; bond
substrate:- alumina, beryllia, sapphire Mecb;inism, intermetallics

Evaluation: US Test: visual insoection (SEM)
Schedule DESCORIPTIVE
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67B3 Bobo, S. N. Bonding Surface: metal system; preparation
HICROELECTRIC WELDING -AN APPROACH TO ')EGRADATICi-bond: TC; wire: A!, Au; film:
IMPROED RELIABILITY Al, Au/No, Au/Mo/Pt
Proc. SAE Electronic Packaging Conf. Stress: thermal
New York, N. Y., pp. 6-12, Feb. 1967. Part: bond

TEST Mechanism: corrosion; intermetallizs
Description: IR Monitor DESCRIPTIVE
DESCRIPTIVE

67C2 Cline, J. E. and S. Schwartz
67B2 Beadles, R. L. ELECTRON MICROPROBE TECHNIQUES FOR
- INTEGRATED SILICON DEVICE TECHNOLOGY FAILURE ANALYSIS OF SILICON PLANAR

VOLUME XIV DEVICES
Rpt. (Jan. 1966-March 1967), Contract Proc. 6th Annual Reliability Physics
AF 33 (615)-3305, May 1967. AD 654630. Symposium, Los Angeles, Calif. pp.
[see pp. 23-48] 193-200, Nov. 1967. [2J

FABRICATION-bond: TC, 'IS; wire: Al, Au; film: DEGRADATION
Al, Al/Cr, Au, Au/Cr Stress: process

Theory: TC, US Part: bond
Evaluation: US, TC; bond (ball, stitch, Mechanism: contamination

wege) Test: electron microprobe
Procedure: TC, US DESCRIPTIVE
Schedule: TC
Variables: TC
Apparatus: description ýUS) 67C3 Chen, G. K. C.
Tool: design (TC) ON THE PHYSICS OF PURPLE PLAGUE FOR-
Wire: care NATION, AND THE OBSERVATION OF PURPLE
DEGRADATION PLAGUE IN ULTRASONICALLY JOINED GOLD-Mechanism: intermetallics ALUMINUM BOND
REVIEW IEEE Trans. Pts. Material Packaging,

vol. PMP-3, pp. 149-153, Dec. 1967.
DEGFADATION-bond: UG; wire: Au; firn: Al

67B3 Blech, I. A., and H. Sello St..ess: thermal
THE FAILURE OF Tt,IN ALUMINUM CURRENT- Part: bond
CARRYING STRIPS ON OXIDIZED SILICON Mechanism: intermetallics
Physics of Failure in Electronics, Test: pull; resistance
vol. 5, T. S. Shilliday and J. Vaccaro, TEST-bond: US; wire, Au; film: Al
Eds., RADC Series in Reliability, 1967, Correlation- pull, iosistance
pp. 496-505. AD 655397 ANALYTIC

DEGRADATION-bond: TC; wire: Au; film: Al
Stress: electrical; thermal
Part: bond 67C4 Cunningham, J. A.
Mechanism: electromigration; intermetallics THE PLAGUES IN SEMICONDUCTOR CONTACTS
DESCRIPTIVE EE, vol. 26, p. 39, April 1967.

DEGRADATION
Mechanism: intermetallics

67B4 Bayer, R. G. and T. S. Burke REVIEW
APPLICATION OF THE ULTRASONIC RFSONANCE
TECHNIQUE TO INSPECTION OF MINI kTURE
SOLDERED AND WELDED JUNCTIONS 67Gl Gill, W. L. and W. Workman
Mater. Eval., vol. 25, pp, 20-24, RELIABILITY SCREENING PROCEDURES FOR
Jan. 1967. INTEGRATED CIRCUITS

TEST Physics of Failure in Electronics, vol.
Description: US probe 5, RADC Series in Reliability, T. S.
DESCR1?TIVE Shilliday and J. Vaccaro, Eds., 1967,

pp. 101-141. AD 655397
DEGRADATION-bond: TC; wire-, Au; film: Au/Mo

67C1 Cunningham, J. A. and J. G. Hayser Stress: process; test (centrifuge, thermal
SEMICONDUCTOR RELIABILITY:. FOCUS ON. shock); thermal
THE CONTACTS Part: wirer bond; metallization; substrate
EE, vol. 26, pp. 74-79, Jan. 1967. Mechanism: contamination

FABRICATION-bond: TC; wire:. Al, Au; film: Al, Test: centrifuge; shear; visual inspection
Au/Mo, Au/Mo/Pt Failure Rates

Evaluation: metallizationý bond (ball, wedge) TEST-bond: TC; wire: Au; film: Au/Mo
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67G1 (coat.) Schedule

Variables

* Evaluation: centrifuge; zbanr; visual inspec- Apparatus design
tion; x-ray Test: bond monitor, metallurgical exax

Screening Procedures REVIEW
FABRICATION
Evaluation: package
DESCRIPTIVE 67K1 KoshinL, E. F.

THERNOCOMPRESSION BONDING -AN OVERVIEW
Proc. 1967 Welding Congress, pp. 86-94,

67G2 Gvaham, R. A. and R. E. hetchison Stuttgart, Germany, 1967. (In German]
THERMOELASTIC STRESS PULSES kFSULTING (19)
FROM PULSED ELECTRON BEANS FABRICATION-bond: TC; wire: Al, Au; film:
Appl. Phys. Lett., vol. 11, pp. 69-72, Ag/Cr, Al, Au, Au/Mo/Pt
July 15, 1967. Evaluation: bond (ball, wedge); metal system;

TEST temperature control
Application: mechanical shock (radiatio'i- Procedure

induced) Variables
ANALYTIC Test: centrifuge; pull

DEGRADATION-bond: TC; wire: Au; film: Al
Mecha- ism: intermetallics

67H! Higbie, T. E. REVIEW
THERP4OCOMPRESSTO(N BONDING OF GOLD WIRE
FOR MICROELECTRC1I1C CIRCUITS 67K2 Keen, R. S., L. R. Lcewenstern and
Report Ho. NAFI-TR-1108, Oct. 1967. G. L. Schnable
AD 671879 MECHANISMS OF CONTACT FAILURES IN

FAURICATION-bond: TC; w-5-e: Au; film: Al, Au SEMICONDUCTOR DEVICES
.rrocedure Proc. 6th Annual Reliability Physics

Schedule Syinp. Los Angeles, Calif., pp. 216-233,
Var-iables Nov. 1967. [2]
Apparatus: adjustment DEGRADATION-bond: TC; wire: Au; film. Al
Test: pull. Stress: thermal
TEST-bond: TC; wire: Au; film: Au Parti bond
Description: pull Mechanism: intermetallics
DESCRIPTIVE Test: resistance

REVIEW
67H2 Haigler, E. D.

ULTRASONIC SCISSORS BONDING INSTRUMENT
U S. Patent 3,314,582; April 18, 1967. 67L1 Lane, W. V.

FABRICATION-bond: US MATERIALS FOR CONDUCTIVE ELEMENTS PART
Apparatus:. design II - CONNECTIONS TO THIN FILMS
PATENT IEEE Intern. Conv. Record, vol. 15,

pt. 7, pp. 129-145, 1967. [surmnary of
66R1, 67R21

6711 IEC FABRICATION-bond: US; wire: Al; film: Al,
BASIC ENVIROMENTAL TESTING PROCEniJRES Au/Cr, substrate: alumina, beryllia,
FOR ELECTRONIC COMPONENTS AND ELECTRON- glass, sapphire, Si; silica (96%);
IC EQUIPMENT PART 2: TESTS - application: hybrid devices
TEST EA: SHOCK Evaluation: US; wire bond
IEC Recommendation, publication 68-2-27 Schedule
and supplement 68-2-27A; 1967-1968. [3] Apparatus: description

TEST Bonding Surface" film thickness; preparation;
Description: mechanical shock topography
STANDARD Test:- pull; visual inspection

DEGRADATION: bond: US; wire: Al; film: Al,
Au/Cr; substrate: alumina, beryllia,

67J1 Jones, J. B. glass, sapphire, Si; silica (96%);
ULTRASONIC WELDING application: hybrid devices
Proc. CIRP Int. Conf. on Mfg. Technol., S,ress: process; thermal
sponsored by ASTME, pp. 1387-1409, Part: bond; metallization; wire
Sept. 1967. (18) Mechanism, intermetallics

FABRICATION-bond: US Test: pull; resistance
Theory EXPERIMENTAL
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67P1 Parker, C. D. Ja". 1967. AD 647464
INTEGRATED SILICON DEVICE TECHNOLOGY FABRICATION-bond: US; wire: Al (pure), Al;
VOLUME XV RELIABILITY film: Al, Au/Cr; substrate: alumina,
Rpt. (March 1966-March 1967), Contract sapphire, Si, silica (96%)
No. AF 33(615)-8306, May 1967. Evaluation: metal system
AD 655082 [see pp. 35-65] Procedure

DEGRADATION-bond: TC, US; wire: Al, Au; film: Schedule
Al, Au, Au/Mo; substrate: FeNiCo, Si Apparatus: description

Stress: process; thermal Rigidity: apparatus
Part: bond Wire: mechanical characteristics
Mechanism: contamination; intermetallics Bonding Surface: film thickness; preparation;
Failure Rates topography
TEST Test: pull; resistance; thermal shock; visual
Screening Procedures inspection
FABRICATION-bond: TC, US; wire: Al, Au; film: DEGRADATION-bond: US; wire: Al, Al (pure);

Ag, Ag/Cr, Al, Au, Au/Mo; substrate: film: Al, Au/Cr; substrate: alumina,
Si sapphire, Si, silica (96%)

Evaluation: metal system metallization, wire Stress: process; test (thermal shock); thermal
Procedure Part: wire; bond; metallization
REVIEW Mechanism: intermetallics

Test: pull; resistance
TEST-bond: US; wire: Al, Al (pure); film: Ad,

67P2 Pruden, D. H. and D. Schoenthaler Au/Cr; substrate: alumina, sapphire,
METHODS OF BONDING ELECTRICAL CONDUC- Si, silica (96%)
TORS TO ELECTRICAL COMPONENTS Evaluation: pull; resistance
U.S. Patent 3,302,277; Feb. 7, 1967. Correlation: pull; resistance

TEST-bond: US EXPERIMENTAL
Description: bond monitor
PATENT 67R3 Reber, R. L.

STEPPED BONDING WEDGE
6R AU.S. Patent 3,347,442; Oct. 17, 1967.
67R1 Riben, ea. R. and S. L. Sherman FABRICATION

MICROBONDS FOR HYBRID MICROCIRCUITS Tool:CdeIgN

Phys•iCA of Failure in EectronicoB, PATENT

vol. 5, RADC Series in Reliability,

T. S. Shilliday and J. Vaccaro, q.,
1967, pp. 534-556. AD 655397. _-m- 67R4 Rasimenoks, P., T. L. Angelucci, and
mary of 66RI, 67R2] F. W. Kulicke, Jr.

FABRICATION-bond: US; wire: Al; film: Al, THERMOCOMPRESSION WIRE BONDING APPARATUS
Au/Cr; substrate: alumina, beryllia, WITH SCISSORS CUT-OFF
silica (96%); application: hybrids Patent 3,307,763; March 7, 1967.

Evaluation: US FABRICATION-bond: TC
Schedule Apparatus: design
Variables PATENT
Tool: design; wear
Wire: mechr.nical characteristics
Bondi Surface: film thickness; topography 67S1 Schnable, G. L. and R. S. Keen
DEGRA ,TION-bond: US; wire: Al; film: Al, METALLIZATION AND BONDS - A REVIEW OFAu/Cr FAILURE MECHANISMS

Stress: process; thermal Proc. 6th Annual Reliability Physics
Part: bond; metallization Symp., Los Angeles, Calif. pp. 170-192,

Mechanism: intermetallics Nov. 1967. (21
Test: pull; resistance DEGRADATION-bond: TC, US; wire: Al, Au; rilm:
TEST-bond: US; wire: Al; film: Al, Au/Cr; Al, Au, Au/Mo

substrate: alumina, beryllia, sapphire; Stress: process; thermal; test (centrifuge)
silica (96%) Part: wire; bond

Correlation: pull; resistance Mechanism: intermetallics
EXPERIMENTAL Failure Rates

FABRICATION-bond: TC, US; wire: Al, Au; film:
Al, Au, Au/Mo

67R2 Riben, A. R. and S. L. Sherman Evaluation: TC; US
MICROBONDS FOR HYBRID MICROCIRCUITS Apparatus: design (US)
Final Rpt. (Feb. 1, 1964-April 30. 1966) Tool: design (TC, US)
Contract Number DA 36-039 AMC-03742(E), REVIEW
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67S2 Scarbrough, R. J. D. and J. Auchterlonie Procedure
THE ISOLATION OF A FAILURE MODE IN Tool: design
SILICON PLANAR TRANSISTORS CAUSED BY PATENT
ORGANIC RESIDUES ASSOCIATED WITH
ALUMINUM WIRE
Microelectronics and Reliability, vol. 67V1 van Lancker, M.
6, pp. 319-321, Nov. 1967. METALLURGY OF ALLUMINUM ALLOYS

DEGRADATION-wire: Al John Wiley and Sons, Inc., New York
Stress: thermal 1967.
Part: device FABRICATION-wire: Al, Al 'pure), Al/Mg
Mechanism: contamination Wire: mechanical characteristics
Test: electrical parameter REVIEW
ANALYTIC

68A1 Adams, A. H. and J. H. Anderson, Jr.
67S3 Schile, R. D., and G. A. Rosica MEANS FOR GRIPPING FINE WIRES DURING

SIMPLE TESTER FOR THE RAPID DETERMINA- MECHANICAL TESTS
TION OF THE TENSILE STRENGTH OF FINE Rev. Sci. Instr., vol. 39, p. 1768,
FILAMENTS Nov. 1968.
Rev. Sci. Ipstr., vol. 38, pp. 1103- TEST
1104, Aug. 1967. Application: pull

TEST DESCRIPTIVE
Application: pull
DESCRIPTIVE

68A2 Avedissian, M. K. and J. S. Manowczak
SEQUENTIAL WIRE AND ARTICLE BONDING

67SL Schumacher, D. H. METHODS
MEASURING MICROBOND INTEGRITY WITH AN U.S. Patent 3,397,451; Aug. 20, 1968.
INFRARED MICRORADIOMETER FABRICATION-bond: TC
Soc. for Nondestructive Testing, Inc., Procedure

Fall Conf. ; Clevelanid, Ohio, Oct. 1967 PATENT
(20)

TEST-bond: TC; wire: Au/Cu, film: Au; sub-
strate: ceramic 68A3 Anderson, J. H., Jr. and W. P. Cox

Description: IR Monitor AGING EFFECTS IN AU-AL AND AL-AL
Evaluation: IR Monitor BONDS USED IN MICROELECTRONICS
ANALYTIC Proc. 7th Annual Reliability and

Maintainability Conf., pp. 533-536,
San f'rancisco, Calif., July 1968.

67S5 Selikson, B. [7], (21)
FAILURE MECHANISM INTEGRATED CIRCUIT DEGRADATION-bond: TC, US; wire: Al, Au; film'
INTERCONNECT SYSTEMS Al
Proc. 6th Annual Reliability Physics Stress: thermal
Symposium, Los Angeles, Calif. Part: wire, bond
pp. 201-208, Nov. 1967. [2] Mechanism: anneal, intermetallics

DEGRADATION-bond: TC; wire: Al, Au; film: Test: pull; resistance
Ag/Cr; Al, Au/Mo, Au/Mo/Al, Au/Pt/Ti, FABRICATION-bond: TC; wiree Au; film: Al
Cr/Al Bonding Surface: film thickness

Stress: process; thermal EXPERIMENTAL
Part: wire. bond
Mechanism: anneal, intermetallics
Test: pull 68B1 Berry, R. W., P., M. Hall, and M. T.
FABRICATION-bond: TC; wire: Al, Au; film: Harris

Ag/Cr, Al, Au/Mo, Au/Mo/Al, Au/Pt/Ti, THIN FILM TECHNOLOGY
Cr/Al Van Nostrand Reinhold Co., Princeton,

Evaluation: metal system New Jersey, 1968, pp. 604-632.
REVIEW FABRICATION-bond: TC, US

Theory: TC, US
Procedure: TC, US

67T1 Tiffany, P. Schedule: TC
VIBRATORY WELDING TIP AND METHOD OF Apparatus: design (US)
WELDING Control. temperature (TC, US)
U.S. Patent 3,357,090; Dec. 12, 1967. Tool: design (TC)

FABRICATION-bondf US; wire: Au Wire: size (TC)
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.68B1 (cont.) Evaluation: mechanical shock; mechanical
shock (radiation-induced)

Test: pull DEGRADATION-bond: TC, US; wire: Al, Au
TEST Stress: test (mechanical shock (radiation-
Description: centrifuge; IR monitor; metal- induced))

lurgical exam; pull Part: bond
Evaluation: noise; resistance Mechanism: spallation
REVIEW THEORETICAL

68D1 Dummer, G. W. A, and J. M. Robertson, 68G1 Gaffney, J.
Eds. INTERNAL LEAD FATIGUE THROUGH THERMAL
ELECTRONIC CONNECTION TECHNIQUES AND EXPANSION IN SEMICONDUCTOR DEVICES
EQUIPMENT 1968-1969 IEEE Trans. Electron Devices, vol.
Pergamon Press, New York, 1968. ED-15, p. 617, Aug. 1968.

FABRICATION-bond: TC, US DEGRADATION-bond: TC; wire: Al, Au; film: Al
Apparatus: description Stress: thermal
DESCRIPTIVE Part: wire

Mechdnism: fatigue
FABRICATION-bond:-TC; wire, Al; film: Al

68D2 Department of Defense Wire: mechanical characteristics
- TEST METHODS AND PROCEDURES FOR DESCRIPTIVE

MICROELECTRONICS
Military Standard 883, May 1, 1968;
Notice 1, May 20, 1968; Notice 2, 68G2 Gaffney, J., D. Bottaro and C. D. Root
Nov. 29, 1969. [1] INTERNAL LEAD FATIGUE IN SEMICONDUCTOR

TEST-bond: TC, US DEVICES THROUGH THERMAL EXPANSION
Description: air blast; centrifuge; mechani- Presentation abstracts 7th Annual Re-

cal shock, Mil-Std-883; pull; resis- liability Physics Symp., Washington,
tance, shear; temperature cycle; D. C., p. 28, Dec. 1968. [2]
thermal shock; vib-ation (fatigue, DEGRADATION-bond: TC; wire- Al; film, Al
monitored, variable frequency); visual Stress: thermal
inspection; x-ray Part: wire

Screening Procedures Mechanism: fatigue
STANDARD EXPERIMENTAL

68E1 Electronic Design 68H1 Harris, D. H.
TEST YOUR IC IQ MEASURING THE ACCURACY OF HUMAN IN-
Electronic Design, vol. 15, p. 84, SPECTION
July 18, 1968. Mater. Res. Std., vol. 8, pp. 8-12,

TEST Dec. 1968.
Precaution: resistance TEST
DESCRIPTIVE Application. visual inspection

DESCRIPTIVE

68E2 Electronic Design
TEST YOUR IC IQ 68H2 Holmes, P. J., and I. C. Jennings
Electronic Design, vol. 2, p. 108, FAILURE ANALYSIS OF PLANAR TRANSISTORS
Jan. 18, 1968. USED IN THE UK3 SAiLLLITE PROGRAMME

DEGRADATION Microelectronics and Reliability,
Failure Rates vol. 7, pp. 37-44, Feb. 1q68.
REVIEW DEGRADATION-bondz TC; wire: Au; film, Al, Au

Stress: process
Part: wire; bond

68F1 Floyd, H. L., Jr. Mechanism: contamination; intermetallics;
A TECHNIQUE FOR DETERMINING TRANSISTOR thermal mismatch
SPALL THRESHOLDS I Failure Rates
Sandia Corp. Rpt. No. SC-M-68-186A, DESCRIPTIVE
April 1968. [22]

TEST-bond: US, TC
Description: mechanical shock (radiation-

induced)
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68H3 Hill, W. H., and G. D. Wrench Conf., P-31o Alto, Calif., pp. 94-100,
RECENT ADVANCES IN PULSE-HEATED WIRE Nov. 1968. (19)
BONDING FOR HYBRID MICROELECTRONICS FABRICATION-bond: TC, US; wire: Al, Au; film:
Proc. NEPCON, June 1968. Also Hughes Ag/Cr, Al, Au, Au/Cr/Al, Au/Mo/Pt
Welding Note - Bulletin 109. [4J (23) Evaluation: TC, US

FABRICATION-bond: TC, US; wire: Al, Au; film: Profcedure: TC, US
Al, Au, Cr; substrate: alumina, glass, Variables: TC, US
Si; application: hybrid do-vices REVIEW

Evaluation: TC; US; te!perature contrc1.;
tool (TC); wire (TC)

Apparatus: description (TC) 68L1 Lawhorne, S., and J. N. Ramsey
Control: temperature (TC) SIMPLIFIED X-RAY EXAMINATION OF SOLID
Tool- design (TC); wear (TC) STAIE DEVICES
DESCRIPTIVE Solid State Technol., vol. 11, pp. 37-

39, Nov. 1968.
TEST-wire: Au

68H4 Howard, R. E. Description: x-ray
HOW TO USE IC RELIABILITY SCREENING DEGRADATION-wire: Au; application: plastic devices
TECHNIQUES Stress: process
Eval. Eng., vol. 7, pp. 22-26, Nov.- Part:, wire
Dec. 1968. Test: x-ray

TEST DESCRIPTIVE
Evaluation: centrifuge; mechanical shock,

pull; temperature cycleý thermal shock;
visual inspection; x-ray 68M4 McCormick, J. E.

DESCRIPTIVE ON THE RELIABILITY OF MICROCONNECTIONS
Electron. Packag. Prod., vol. 8, pp.
187-189, June 1968.

68H5 Helda, R. W. and W. E. LaPoint DEGRADATION-bond- TC, US; wire: Al, Au
METHOD OF BONDING FILAMENTARY MATERIAL Failure Rates
U.S. Patent 3,400,448; Sept. 10, 1968. FABRICATION-bond: TC, US

FABRICATION-bond: TC Evaluation: TC; US
Procedure DESCRIPTIVE
Apparatus: design
PATENT 68M2 Muncheryan, H. M.

HOW TO USE FAILURE ANALYSIS TO IMPROVE
6811 IEC SEMICONDUCTOR RELIABILITY

BASIC ENVIROMENTAL TESTING PROCEDU.(ES EE, vol. 27, pp. 49-54, May 1968.
FOR ELECTRONIC COMPONENTS AND ELECTRON- DEGRADATION-bond: TC, wire: Au; film: Al, Au
IC EQUIPMENT PART 2: TESTS - TEST GA: Stress, process
ACCELERATION, STEADY STATE Part: bond; metallization, substrate
IEC RECOMMENDATION. PIIPTICATION 68-2-7, Mechanism: contamination; intermetallics
1968. [3] FABRICATION-bond' TC, US; wire: Al, Au; film:

TEST Al, Au/Cr, Au/Cu/Ti, Au/Mo, Au/Ni,
Description: centrifuge Au/Pt/Ti, Pt/Ti
STANDA'RD Evaluation: metal system

DESCRIPTIVE

68J1 Johnson, C. A.

HOT GAS THERMO-COMPRESSION BONDING 68M3 McHale, P. and H. Fenster
U.S. Patent 3,409,977; ,,ov. 12, 1968. INCREASE) YIELDS IN HYBRID THICK FILM

FABRICATION-bond: TC CIRCUITS BY INDIRECT ACTIVE DEVICE AT-
Control: temperature TACHMENT
PARENT IEEE Microelectronics Symp., St. Louis,

Missouri, pp. D7-l to D7-6, June 1968.
[2) (24)

68K1 Koshinz, E. F. FABRICATION-bond: TC; wire: Au; film: Al;
SEMICONDUCTOR: WIRE BONDING AND application: hybrid devices
FACE BONDING CONSIDERATIONS AND Evaluation: bond (ball, stitch)
COMPARISONS Control: temperature
Proc. SAE Microelectronic Packaging DESCRIPTIVE
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68P1 Poston, M. H. DEGRADATION
TIME-TEMIERATURE EFFECTS ON WIRE BONDS Stress: thermal
IEEE Microelectronics Symp., St. Louis, Part: bond
Missouri, pp. 1-21, June 1968. [2], Mechanism: intermetallics
(25) EXPERIMENTAL

FABRICATION-bond: TC; wire: Au; film: Al
Variables
Control: force; temperature 68T2 Tanaka, S. and K. Chiba
DEGRADATION: TC; wire: Au; film: Al SEMICONDUCTOR DEVICE UTILIZING AN
Stress: process; thermal AUAL 2 LAYER AS A DIFFUSION BARRIER
Part: bond THAT PREVENTS 'PURPLE PLAGUE'
Mechanism: anneal; grain growth; intermetal- U.S. Patent 3,401,316; Sept. 10, 1968.

lics FABRICATION-bond: TC, US; wire: Au, Al;
Test: pull; v'sual inspection film: Ag/Al, AuAl 2, Al, Cr; substrate:
TEST-bond: TG; wire: Au; film: Al Si
Description: pull Evaluation: metal system; metallization
DESCRIITIVE Bonding Surface: metal system, preparation

68RI Rodrigues de Miranda, W. R. PATENT

VISUAL INSPECTION OF IC'S BOOSTS 68U1 Uthe, P. M.
RELIABILITY AT LITTLE COST THE WIRE
Electronics, vol. 41, pp. 104-108, Uthe Technology, Inc. Technical
Aug• 19, 1968.UteTcnlgncTchiaTEST-bond? TC, US; wire1 Al, Au Newsletter, vol. 1, Sept. 1968.

[summarized in 69U11 (5)
Descripti, visual inspection FABRICATION-bond: US; wire: Al, Al/Mg, Au
DESCRIPTIVZ Evaluation: wire

Schedule

68R2 Ruggiero, E. M. Tool: design

ALUMINUM BONDING FOR HIGH-POWER IC'S Wire: mechanical characteristics
AMicroelectronic BONDIN g i. F GHoWge ITest: pull; viual inspection
ioroelectroniPdckGra-inl, George DEGRADATION-bond, US; wire: Al; film: Al
Sideris, Ed., McGraw-Hill, New York, Stress. process
1960, chapt. 7.3, pp. 240-248. Part: substrate

,FABRICATION-bond: TC; wire: Al, Au; film: Al, DESCRIPTIVE
Au

Evaluation: bond (ball, stitch, wedge), wire
Procedure Pr•cedre68U! Uthe, P. M.
Test: centrifuge, mechanical shock, vibration T8 E U OhID P.EML

(variable frequency) THE SOLID STATE WELD
Uthe Technology, Inc. Technical

DEGRADATION: bond: TC; wire: Al, Au; filmf Newsletter, vol. 1, May 1968.Al, AuNesetrvo.l a19.
Stress, therml [summarized in 69U11 (5)
Sehaism: thermal FABRICATION-bond: USMechanism: intermetallics Yer

Failure Rates Theory

DESCRIPTIVE "ESCRI±TIVE

68S1 Shockley, W. L. and R. W. Weedfall 68U3 Uthe, P. M.
ULTRASONIC BONDING THE FRICTION OF NON-LUBRICATED METALS
Microeleotronic 'Packaging, George Uthe Technology, Inc. Technical
Sideris, Ed., McGraw-Hill, New York, Newsletter, vol. 1, June 1968.
1968, chapt. 7.2, pp. 232-240. [summarized in 69U1] (5)
[see p. 239J FABRICATION-bond: US

FABRICATION-bond& US; wire: Au, Au/Ga Theory
Wire: care; mechanical characteristicq DESCRIPTIVE
Bonding Surface, orientationI DESCRIPTIVE 68U4 Uthe, P. M.

WELDING
68T1 Takei, W. J. and M. H. Francombe Uthe Technology, .nc. Technical

MEASUREMENT OF DIFFUSION-INDUCED Newsletter, vol. i, July 1q68.
STRAINS AT METAL BOND INTERFACES [summarizfd in 69UI] (5)
Solid State Electron., vol. 11, pp. 205- FABRICATION-bond: US
208, Feb. 1968. 37



68U4 (cont.) TEST
Evaluation: temperature cycle; thermal

Theory shock
Schedule DESCRIPTIVE
Control: force; power; time
DESCRIPTIVE

69B2 Binelli, W. D., and R. H. Soltau
DEVELOPMENT OF QUALIFICATION TEST

68U5 Uthe. P. M. PROGRAM FOR MICROELECTRONIC DEVICES,
A SIMPLE WIRE BONDER Final Rpt. (Nov. 1, 1968 to July 3,
Uthe Technology, Inc. Technical 1969), Contract No. NASI-8714, Sept.
Newsletter, vol. 1, Aug. 1968. 1969. N70-11544
[summarized in 69U13 (5) TEST

FABRICATION-bond: US Description: centrifuge, mechanical shock;
Apparatus: adjustment; design thermal shock
Rigidity: apparatus; terminal FABRICATION-bond: US; wire: Al; film: Al, Au
DESCRIPTIVE Evaluation: wire bond

Test: centrifuge; mechanical shock; thermal
shock69A1 Ang, C. Y., P. H. Eisenberg and

H. C. Mattraw
PHYSICS OF CONTROL OF ELECTRONIC
DEVICES 69B3 Budd, J. B.
Proc. 1969 Annual Symp. on Reliability, - dIE A W BODIE AND WIRE BONDING CAPABILITIES OF
Chicago, Ill., pp. 73-85, Jan. 1969. REPRESENTATIVE THICK-FILM CONDUCTORS
[see pp. 76, 62) (13) Solid-State Technol. vol. 12,

TEST-bond: TC; wire: Au

Correlation: pull; pull (nondestructive) pp. 59-63, June 1969.

DESCRIPTIVE FABRICATION-bond: TC, US; wire: Al, Aul
film: Au/Mo/Mn; thick film: Ag, Ag/Pd,
Au, Au/Pd, Au/Pd/Pt, Au/Pt, Pd/Ag

69A2 Anderson, J. H., Jr. and W. P. Cox Evaluation: wire bond; metallization
Variables-FAILURE MODES IN GOLD-ALUMINUM B a /iP, S uTHERMOCOMPRESSION BONDS Bonding Surface: preparation

IEEE Trans. Reliability, vol. R-18, Test: pull
pp. 206-207, DEGRADATION-bond:, TC; wire: Au; thick film:j pp 20-20, No. 169.Ag/Pd, AuI DEGRADATION-bond: TC; wire; Au; film: Al Strss,, thermal

Stress, therma±lSPart: bond; metallization Test: pull

Mechanism: intermetallics ANALYTIC
FABRICATION-bond, TC; wire. Au; film, Al
Bonding Surface: film thickness 69B4 Browning, G. V.EXPERIMENTAL 6B BowIng .V

MONOLITHIC INTEGRATED CIRCUIT FAILURE
MECHANISMS

69A3 Antler, M. Nat. Electron. Conf. Seminar, Desiagn-
- WHAT DO GOLD PLATING SPECS REALLY MEAN? ing with MonoZithic Integrated Cir-

Products Fini'shing, vol. 34, pp. 56- cuits, Nat. Electron, Conf., Chicago,
66, Oct. 1969. Ill., pp. 1-22, Dec. 19b9. (26)

FABRICATION-film: Au DEGRADATION-bond• TC, wire: Al, Au; film:-
'Bonding Surface: contamination;'film thick- Al, Au/Mo

ness; mechanical characteristics; pre- Stress: thermal
aia•tion; topography Part: bond

DESCRIPTIVE Mechanism* intermetallics
Failure Rates
REVIEW

6981 Bell, J, L.
UPGRADING OF MICROELECTIONIC TEST
PROCEDURES FOR MILITAR'f HI-REL 6985 Bullis, W. M., Ed.

ACHIEVEMENT METHODS OF MEASUREMENT FOR SEMICON-

Trans. 23rd Annual Technical Conf., DUCTOR MATERIALS, PROCESS CONTROL,
pp. 767-770, Los Angeles, Calif., AND DEVICES
sponsored by American Society for NBS Technical Note 488, Quarterly Rpt.
Quality Control, Ann Arbor, Mich., (Jan, 1 to March 31, 1969), July 1969.
May 1969. [see pp. 21-25] (30] (29)
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69B5 (cont.) 69C2 Cline, J. E., J. M. Morris, and S.
Schwartz

TEST-wire: Al, Au SCANNING ELECTRON MIRROR MICROSCOPY
Application: pull AND SCANNING ELECTRON MICROSCOPY OF
FABRICATION-bond: US; wire: Al; film: Al INTEGRATED CIRCUITS
Evaluation: wire (ribbon) IEEE Trans. Electron Devices, vol.
DEGRADATION-bond: US; wire: Al; film: Al ED-16, pp. 371-375, April 1969.
Stress: thermal FABRICATION
Part: wire Test: visual inspection (SEM)
Mechanism: anneal DESCRIPTIVE
Test: pull
DESCRIPTIVE

69D1 Dudderar, T. D.
THE EFFECT OF GRIP STRESSES ON THE

69B6 Bullis, W. M., Ed. OCCURRENCE OF FAILURE IN TENSION TESTS
METHODS OF MEASUREMENT FOR SEMICONDUC- OF WIRE
TOR MATERIALS, PROCESS CONTROL, AND Mater. Res. Std., vol. 9, pp. 26-30,

DEVICES Oct. 1969.
NBS Technical Note 495, Quarterly Rpt. TEST
(April 1-June 30, 1969), Sept. 1969. Application: pull
[see pp. 24-31] [30] (29) THEORETICAL

FABRICATION-bond: US; wire: Al; film: Al
Evaluation: bond (ball); wire (ribbon)
Apparatus: adjustment 69D2 Demer, L. J. and L. H. Fentnor
Tool: oscillation LAMB WAVE TECHNIQUES IN NONDESTRUCTIVE
TEST-bond: US; wire: Al; film: Al TESTING

Description: bond monitor Int. J. Nondestructive Testing, vol.

DESCRIPTIVE 1, pp. 251-283, Oct. 1969.
TEST
Application: US probe

69B7 Bellin, J. L. S., A. E. Brown, A. S. FABRICATION
Hamamoto, and G. C. Knollman Wire. mechanical characteristic
PIEZOELECTRIC MONITOR OF MICROELECTRON- Test: US probe
IC WIRE BONDS ANALYTIC
Lockheed Rpt. LMSC B-62-69-9, June
1969. (21)

TEST-bond: US; 4ire: Al; film: Al 69D3 Department of Defense
Description: bond monitor MILITARY SPECIFICATION MICROCIRCUITS
Correlation: bond monitor, pull, visual in- GENERAL SPECIFICATION FOR -

spection Mil-M-38510, Nov. 20, 1969. [1i

EXPERIMENTAL TEST
Applicationf Mil-Std-883

Screening Procedures

69B8 Brinton, J. STANDARD

MIL STD 883 - A REAL TEST CASE
Electronics, vol. 42, pp. 131-136,
Aug. 18, 1969. 69G1 Gurland, J.

TEST MICROSTRUCTURAL ASPECTS OF THE
Application: Mil-Std-833 STRENGTH AND HARDNESS OF CEMENTED
DESCRIPTIVE TUNGSTEN CARBIDE

Contract No. SD-86, Dec. 1969.
AD 699187

69C1 Circuits Manufacturing FABRICATION
A PACKAGING TECHNIQUE IS NOT A BONDING Tool: design
METHOD . , . WIRE-LEADS, FLIP-CHIPS, DESCRIPTIVE
ULTRASONICS, WHAT'S IT ALL ABOUT?
Circuits Mfg., vol, 9, pp, 8-16,
Dec. 1969. 69G2 Grable, R. C. and H. E. Patzer

FABRICATION WIRE BONDING APPARATUS FOR MICROELEC-

Evaluation: TC; US; wire bond; bond (ball, TRONIC COMPONENTS

stitch, wedge) U.S. Patent 3,430,835; March 4, 1969,

DESCRIPTIVE FABRICATION-bond: TC; wiref Au

Procedure
PATENT
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69H1 Heinen, K. G. and G. B. Larrabee TEST-bond: TC, US; wire: Al, Au; film: Al, Au
THE DETERMINATION OF RESIDUAL PHOTORE- Description: US stress
SIST ON SILICON USING RADIOTRACER DEGRADATION-bond: TC, US; wire: Al, Au; film:
IODINE-i31 Al, Au
Solid State Technol., vol. 12, pp. 44- Stress: test (US stress)
47, April 1969. Part: bond, wire

FABRICATION Failure Rates
Bonding Surface: contamination EXPERIMENTAL
Test: radiotracer
DESCRIPTIVE

69L1 Lauffenburger, H. A. and T. R. Myers
SUMMARY AND INTERPRETATION OF RELIA-

69K1 Kashiwabara, M., S. Nakayama and BILITY DATA ON VARIOUS MICROCIRCUIT
M. Suzuki BONDING TECHNIQUES
SETTING AND EVALUATION OF ULTRASONIC Proc. Holm Seminar on Electrical Con-
BONDING FOR AL WIRE tact Phenomena, pp. 61-68, Nov. 1969.
Rev. Elec. Commun. Lab., vol. 17, [6]
pp. 1014-1021, Sept. 1969. DEGRADATION-bond: TC, US; wire: Al, Au; film:

TEST-bond: US; wire: Al; film: Al Al, Au
Description: pull Stress: process; thermal
Evaluation: visual inspection Mechanism: anneal; contamination; intermetal-
Correlation: pull; visual inspection lics
FABRICATION-bond: US; wire: Al; film: Al Test: pull; shear
Procedure Failure Rates
Bonding Surface: film thickness TEST
ANALYSIS Screening Procedures

REVIEW

69K2 Krieg, R. D. and W. B. Murfin
STRUCTURAL CONSIDERATIONS IN ELECTRON- 69L2 Laub, J. L. and M. N. Mansour
IC MICROCIRCUIT LEAD WIRES WIRE CLAMP
March 1969. PB 183544. U.S. Patent 3,430,834; March 4, 1969.

TEST FABRICATION-bond, US
Application: mechanical shock; temperature Appar3tus: design

cycle; thermal shock; vibration PATENT
THEORETICAL

6901 O'Connell, E. P.
69K3 Kashiwabara, M. and S. Hattori AN INTRODUCTION TO MIL-STD-883 TEST

FORMATION OF AL-AU INTERMETALLIC METHODS AND PROCEDURES FOR MICROELEC-
COMPOUNDS AND RESISTANCE INCREASE FOR TRONICS
ULTRASONIC AL WIRE BONDING Proc. 8th Reliability and Maintaina-
Rev. Elec. Commun. Lab., vol. 17, bility Conf., Denver, Colorado, pp.
pp. 1001-1013, Sept. 1969. 530-542, July 1969. [10] (27)

DEGRADATION-bond: US; wire: Al; film:' Au; TEST
substrate: FeNiCo Description: centrifuge, Mil-Std-883; pull;

Stress: thermal temperature cycle; visual inspection
Part, bond Evaluation: centrifuge; visual inspection
Mechanism: intermetallics DEGRADATION-bond: TC, US; wire: Al, Au.
Test: metallurgical exam; resistance film: Al, Au
FABRICATION: bond: US; wire. Al; film. Au; Stress: thermal

substrate: FeNiCo Mechanism: anneal, intermetallics
Procedure Test: pull
Bonding Surface-film thickness Failure Rates
EXPERIMENTAL REVIEW

69K4 Knollman, G. C., A. S. Hamamotc, and 6902 Ono, K., M. Nishihata and S. Kobayashi
J. L. S. Bellin FINE ALUMINUM TRANSISTOR LEAD WIRES
REPORTS ON ULTRASONIC SCREENING OF Rev. Elec. Commun. Lab., vol. 17,
TRANSISTORS AND INTEGRATED CIRCUITS pp. 974-988, Sept. 1969.
Lockheed Rpt. LMSC B-62-69-8, June FABRICATION-bond: TC, US; wire- Al, Al (pure);
1969. (21) film: Al, Au
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6902 (cont.) Evaluation: US
Procedure: TC, US

Wire: electrical characteristics; fabrica- Test: pull
tion; mechanical characteristics; to- TEST-bond: TC; wire: Au
pography Description: pull; pull (nondestructive);

Test: pull visual inspection (SEM); x-ray
DEGRADATION-bond: TC, US; wire: Al; film: DEGRADATION: bond: TC; wire: Au; film: Al

Al, Au Stress: thermal
Stress: thermal Part: bond
Part: wire Mechanism: intermetallics
Mechanism: anneal; grain growth Test: visual inspection (SEM)
Test: pull REVIEW
EXPERIMENTAL

69S2 Schnable, G. L. and R. S. Keen
69PI Plough, C., D. Davis, and H. Lawler ALUMINUM METALLIZATION ADVANTAGES AND

HIGH RELIABILITY ALUMINUM WIRE BONDING LIMITATIONS FOR INTEGRATED CIRCUIT AP-
Proc. Electronic Components Conf., PLICATIONS
Washington, D. C., pp. 157-165, April- Proc. IEEE, vol. 57, pp. 1570-1580,
May 1969. (2) (28) Sept. 1969.

FABRICATION-bond: US; wire: Al, Au; film: FABRICATION-bond: TC, US; wire: Al, Au; film:
Al, Au Al, Au/Cr, Au/Mo

Theory Evaluation: metallization
Schedule REVIEW
V-iiEbes
Apparatus: adjustment
Tool: design 69S3 Selikson, B.
Rigidity: apparatus; terminal VOID FORMATION FAILURE MECHANISMS IN
Bonding Surface: contamination; mechanical INTEGRATED CIRCUITS

characteristics; topography Proc. IEEE, vol. 57, pp. 1594-1598,
Test, pull, visual inspection Sept. 1969.
TEST-bond: US; wire: Al; film: Al, Au DEGRADATION-wire: Al, Au; film: Al, Au
Evaluation: air blast; thermal shock; visual Stress: thermal

inspection Part: bond
Correlation: mechanical shock (radiation- Mechanism: intermetallics

induced); pull, visual inspection FABRICATION-wire: Au; film. Au/Ag/Cr,
DEGRADATION-bond: US; wire: Al, Al/Mg Au/Mo, Au/Ti/Al, Au/Pt/Ti/Pt, Cr/Al
Stress: thermal Evaluation: metal system
Part: wire; device REVIEW
Mechanism: anneal, contamination
Test: electrical parameters; pull
DESCRIPTIVE 69S4 Shurtleff, W. 0.

RELIABILITY HANDBOOK FOR SILICON MONO-
LITHIC MICROCIRCUITS VOLUME 2 - FAILURE

69RI Ruth, S. B. MECHANISMS OF MONOLITHIC MICROCIRCUITS
TORTURE TESTS IMPROVE EQUIPMENT RELIA- Contract NAS 8-20639, April 1969.
BILITY N69-23226. [see pp. 2-IV-2 to 2-IV-6]
The Electronic Engineer, vol. 28, TEST
pp. 80-87, June 1969. Description: centrifuge; mechanical shock,

TEST temperature cycle; thermal shock;
Description: centrifuge; mechanical shock; vibration (variable frequency, fatigue)

thermal shock; vibration Evaluation: vibration (variahle frequency);
DESCRIPTIVE visual inspection

DESCRIPTIVE

69SI Slemmons, J. W.

- THE MICROWORLD OF JOINING TECHNOLOGY 69S5 Speer, R. D.
American Welding Society 50th Annual CHIP BONDING: PROMISES AND PERILS
Meeting and Welding Exposition; Phila- Electronic Design, vol. 17, pp. 61-79,
"delphia, Pa., April-May, 1969. (8] (13) Oct. 25, 1Y69.

FABRICATION-bond: TC, US; wire, Al, Au, film: FABRICATION-bond: TC, US
Al, Au Evaluation: wire bond

Theoryf TC, US REVIEW

4
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69T1 Tamburrine, A. L. and V. C. Kapfer Description: pull
FAILURE MECHANISMS IN PLASTIC ENCAP- DEGRADATION-bond: TC, US; wire: Al, Au; film:
SULATED MICROCIRCUITS AL, Au
Contract No. AF-5519, May 1969. Stress: test (pull); chermal
AD 689224 Part: wire

DEGRADATION-bond: TC; wire: Au; film: Ag, Al, Mechanism: anneal; grain growth
Au, Ni; a plication: plastic devices Test: visual inspection (SEM)

Stress: moisture; test (thermal shock); DESCRIPTIVE
thermal

[art: wire; bond
Mechanism: corrosion; thermal mismatch 70A2 Anderson, Jr., J. H., T. G. Maple, and
ANALYTIC W. P. Cox

AGING EFFECTS IN GOLD THERHOCOMPRESSION
BONDS TO COMPLEX METALLIZATIONS

69T2 Tarowsky, N. IEEE Trans. Reliability, vol. R-19,
HOW TO ASSEMBLE HYBRID MICROWAVE IC's pp. 32-34, Feb. 1970.
Microwaves, vol. 8, pp. 52-62, Aug. DEGRADATION-bond: TC; wire: Au; film: Al,
1969. Au/Mo/Al, Au/Ti/Al

FABRICATION-bond: TC, US; application: hy- Stress: thermal
brids Part: bond

Evaluation: TC; US Mechanism: intermetallics
DESCRIPTIVE Test: pull; res stance

FABRICATION-bond: TC; wire: Au; film: Al,
Au/Mo/Al; Au/Ti/Al

69U1 Uthe, P. M. Evaluation: metal system
VARIABLES AFFECTING WELD QUALITY IN Bonding Surface: preparation
ULTRASONIC ALUMINUM WIRE BONDING EXPERIMENTAL
Solid State Technol., vol. 12, pp. 72-
76, Aug. 1969.

FABRICATION-bond: US; wire: Al, Al/Mg, Au; 70A3 ASTM
film: Al, Au - STANDARD SPECIFICATION FOR GOLD WIRE

Theory FOR SEMICONDUCTOR LEAD-BONDING
Evaluation: wire (ASTM DESIGNATION: F72-69)
Schedule 1970 Annual Book of ASTM Standards,
Apparatus: adjustment- description; design part 8, 1970. [11)
Tool: adjustment FABRICATION-wire: Au
Rigidity: apparatus; package Wire: care; contamination; mechanical char-
Wire: mechanical characteristics acteristics; size
Test: pull, visual inspection STANDARD
Trouble Shooting
DEGRADATION-bond: US; wire: Al, substrate:- Si
Stress: process 70A4 ASTM
Part: substrate STANDARD METHODS OF TESTING FINE ROUND
DESCRIPTIVE AND FLAT WIRE FOR ELLCTRON DEVICE AND

LAMPS (ASTM DESIGNATION: F219-67)
1970 Annual Book of ASTM Standards,

69U2 Uthe, P. M., Jr., L. G., Wright, and part 8, 1970. [113
R. E. Greeran FABRICATION
ULTRASONIC FREQUENCY POWER SUPPLY Wire*' mechanical characteristics, size
U.S. Patent 3,445,7C3; May 20, 1969. STANDARD

FABRICATION-bond." US
Apparatus:, design
PATENT 70A5 ASTM

STANDARD METHOD FOR MEASURING DIAMETER
OF FINE WIRE BY WEIGHING (ASTM DESIG-

70Al Adams, M. A. NATION: F205-63)
AN INVESTIGATION OF THE STRENGTH OF 1970 Annual Book of ASTM Standards.,
ALUMINUM WIRE USED IN INTEGRATED CIR- part 8, 1970. [113
CUITS FABRICATION
NASA Tech. Brief 70-10275, Aug. Wire: size
1970. [9] STANDARD

TEST-bond:: TC, US; wire: Al, Au; film: Al,
Au
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70A6 ASTN NBS Technical Note 527,.(Quarterly Rpt.
STANDARD METHODS OF TENSION TESTING (Oct. 1-Dec. 31, 1969), May 1970.
OF METALLIC MATERIALS (ASTM DESIGNATION: [see pp. 31-47] [30) (29)
E8-69) FABRICATION-bond: US; wire: Al; film: Al
1970 Annural Book of AS17 Standards, Theory
part 31, 1970. [11) Apparatus: adjustment

Test Tool: adjustment; oscillation
Application: pull Rigidity: apparatus
STANDARD Wire: contamination; mechanical character-

istics
Bonding Surface: preparation

70A7 ASTM Test: pull
STANDARD METHOD OF TEST FOR RESISTIVITY EXPERIMENTAL
OF ELECTRICAL CONDUCTOR MATERIALS (ASTM
DESIGNATION: B193-65)
1970 Annual Book of ASTI Standards, 70B4 Brauer, J. B., V. C. Kapfer, and
part 8, 1970. [1i1 A. L. Tamburrino

FABRICATION CAN PLASTIC ENCAPSULATED MICROCIRCUITS
Wire: electrical characteristics PROVIDE RELIABILITY WITH ECONOMY?
STANDARD 8th Annual Proc. Reliability; Physics,

IEEE Catalog. No. 70C59-PHY, pp. 61-
72, 1970. [2) (27)

70B1 Bevington, J. R., J. P. Cook, and DEGRADATION-application: plastic devices
D. R. Little Stress: moisture, process, test (temperature
PLASTIC IC RELIABILITY EVALUATION AND cycle)
ANALYSIS Part: metallization, wire
8th Annual Proc. Reliability Physics, Mechanism: corrosion; fatigue; thermal mis-
IEEE Catalog No. 70C59-PHY, pp. 73-80, match
1970. [abbreviated version of 71B31 [2) Test: resistance, x-ray

TEST-bond: TC; wire: Au; film: Au, Ag; appli- Failure Ratesf general
cation: plastic devices DESCRIPTIVE

Evaluation: thermal shock
DEGRADATION-bond: TC; wire: Au; film: Au;

application; plastic devices 70B5 Bradfield, G.
Stress: test (thermal shock) ULTRASONIC TRANSDUCERS - 1. INTRODUC-
Part: bond; wire TION TO ULTRASONIC TRANSDUCERS,
Mechanism: thermal mismatch PART A
EXPERIMENTAL Ultrasonics, vol. 8, pp. 112-123,

April 1970.
FABRICATION-bond: US

70B2 Bullis, W. M., Ed. Apparatus: design
- METHODS OF MEASUREMENT FOR SEMICONDUCTOR REVIEW

MATERIALS, PROCESS CONTROL, AND DEVICES
NBS Technical Note 520, Quarterly Rpt.
(July 1-Sept. 30, 1969), March 1970. 70B6 Bradfield, G,
[see pp. 32-43) [30) (29) ULTRASONIC TRANSDUCERS - 1. INTRODUC-

FABRICATION-bond: US; wire: Al; film: Al TION TO ULTRASONIC TRANSDUCERS,
Apparatus: design PPRT B
Tool: adjustment; design; oscillation Ultrasonics, vol. 8, pp. 177-189,
Tlildity: apparatus July 1970.
Test interferometry FABRICATION-bond: US

DEGRADATION-bond. US; wire: Al film. Al Apparatus. design
Stress: thermal REVIEW
Part: wire
Mechanism: anneal
Test: pull 70B7 Bullis, W. M. and A. J. Baroody, Jr.,
TEST-bond: US; wirer Al film:. Al Eds.
Description: resistance METHODS OF MEASUREMENT FOR SEMICONDUC-
EXPERIMENTAL TOR MATERIALS, PROCESS CONTROL, AND

DEVICES
NBS Technical Note 555, Quarterly Rpt.

70B3 Bullis, W. M., Ed. (Jan. 1 to March 31, 1970), Sept. 1970.
METHODS OF MEASUREMENT FOR SEMICONDUCTOR [see pp. 27-36] [30] (29)
MATERIALS, PROCESS CONTROL, AND DEVICES
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76B7 (cort.) 70D1 Devaney, J. R.
APPLICATION OF SCANNING ELECTRON

TEST MICROSCOPY TO INTEGRATED CIRCUIT
Description: centrifuge; pul; US stress FAILURE
Application: bond monitor Solid State Technol., vol. 13, pp. 73-
FABRICATION-bond: US 77, March 1970.
Tool: design DEc.ýADATION-bond: TC; wire: Au; film: Al
Rigidit: apparatus Part: bond
Test: pull; visual inspection (SEM) Mechanism: contamination
DESCRIPTIVE Test: visual inspcction (SEM)

DESCRIPTIVE

70B8 Bullis, W. M. and A. J. Baroody, Jr., 70D2 Davis, D.
Eds.
METHODS OF MEASUREMENT FOR SEMICONDUCTOR FACTORS IN HIGH RELIABILITY WIRE
MATERIALS, PROCESS CONTROL, AND DEVICES BONDING
NBS Technical Note 560, Quarterly Rpt. 8th Annual Proc. Reliability Physics,

(April 1 to June 30, 1970), Nov. 1970. IEEE Catalog No. 70C59-PHY, pp. 170-

[see pp. 29-38] [30) (29) 176, 1970. [similar to 69P11 [2) (28)
FABRICATION-bond: US FABRICATION-bond: US; wire: Al; film: Al, Au

Theory: US Schedule
Schedule Variables
Wire: mechanical characteristics Apparatus adjustment, design

Rigidity: apparatus Tool: adiustment; design; oscillation
Test: pull; visual inspection (SEM) Rigidity: apparatus, terminal, package
TES-- Bonding Surface: contamination; thickness;
Evaluation: pull topography

Application: pull Test: pull; visual inspection

DEGRADATION TEST-bond: US; wire: Al; film: Al, Au

Stress: process; test (pull) Correlation: pull; mechanical shock (radia-

Part: bond tion induced); visual inspection

Test: visual inspection (SEM) REVIEW

DESCRIPTIVE

70D3 Department of Defense
70C1 Cox. W. P., E. E. Anderson, and MILITARY STANDARD - TEST METHODS FOR

J. H. Anderson, Jr. SEMICONDUCTOR DEVICES

ULTRASONIC ALUMINUM WIRE BONDING FOR Military Standard 750B, Feb. 27, 1970.

MICROELECTRONIC APPLICATIONS [1]
Proc. 1970 Annual Symp. on Reliability, TEST
Los Angeles, Calif., vol. 3, pp. 228- Description: centrifuge; mechanical shock;
236, Feb. 1970. (31) thermal shock; vibration (fatigu',

FABRICATION-bond. US; wire, Al; film: Al monitored, variable frequency)
Evaluation: wire STANDARD

Control: force, power, time
Test. pull; resistance; visual inspection 70D4 Dicken, H. K.
DEGRADATION-bond: US; wire: Al; film: Al SURVEYING CHIP INTERCONNECTION TECH-
Stress., process, thermal NIQUES
Part: wire; substrate Electron. Packag. Prod., vol. 10,
Mechanism: anneal sect, 1, pp, 34-45, Oct. 1970,
Test: pull, resistance; visual inspection FABRICATION-bond:- TC, US; wire- Al, Au;
EXPERIMENTAL film: Al, Au

Evaluation: TC, US, wire bond
REVIEW

70C2 Curran, L.
PLASTIC IC'S GET FOOT IN MILITARY DOOR
Electronics, vol. 43, pp. 127-130, 70HI Hnatek, E. R.
May 11, 1970. PLASTIC IC'S ENTICE MILITARY

TEST-application: plastic devices EDN, vol. 15, pp. 43-47, Nov. 15, 1970.,
Description: Mil-Std-883 DEGRADATION-application:, plastic devices
DESCRIPTIVE Stress. test (temperature cycle, thermal

"shock)
Failure Rates
DESCRIPTIVE
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70H2 Habere,, J. R. DEGRADATION-wire: Al, Al (pure), Au
STRESS INDUCED INTERMITTENT FAILURES Stress: thermal
IN ENCAPSULATED MICROCIRCUITS Mechanism: intermetaflics
Report No. RADC-TR-70-213, pp. 1-49, Test: metallurgical exam; pull
Oct. 1970. AD 715984 [see also 71H21 TEST
[1] (27) Application: temperature cycle; thermal shock

TEST-bond: TC; wire: Au; application: plastic EXPERIMENrAL
devices

Description: resistance; temperature cycle
Evaluation: resistance; temperature cycle A0RE Rossiter, T. J.
DEGRADATION-bond: TC; wire: Au; application: AMBIENT EFFECTS ON GOLD-ALUNINU BONDS

plastic devices 8th Annual Proc. Reliability Physics,
Stress: moisture, test (temperature cycle) IEEE Catalog No. 70C59-PhY, pp. 186-
Par- • bond; metallization; wire 190, 1970. [2] (27)
Mec] rnism: corrosion; thermal mismatch DEGRADATION-bond: TC; wire: Au; film: Al
EXPLRIMENTAL Stress: thermal

Part: bond
Mechanism: intermetallics

70M1 Miller, L. F. Test: pull; resistance
- A CRITIQUE OF CHIP-JOINING TECHNIQUES EXPERIMENTAL

Solid State Technol., vol. 13, pp. 50-
62, April 1970.

FABRICATION 70SI Spectrum
Evaluation: wire bond HIGH-PRESSURE PROCESS MAKES WIRE BY

I SQUEEZING
Spectrum, vol. 7, pp. 21, Aug. 1970.

FABRICATION
70M2 Mann-Nachbar, P., and W. Nachbar Wire: fabrication

THERMAL SHOCK FOLLOWING RAPID UNIFORM DESCRIPTIVE
HEATING OF SPHERES AND LONG CYLINDRICAL
RODS
Rpt. (April-August, 1968), Contract No. 70S2 Straub, R. J.
F04701-69-C-0066, Feb. 1970. AD 702170 RELIABILITY OF HYBRID MICROCIRCUITS IN

TEST USE TODAY
Application: mechanical shock (radiation- Proc. Electronic Components Conf.,

induced) May 1970. [2] (33)
THEORETICAL TEST-application: hybrids

Evaluation: Mil-Std 883
Screening Procedures

70P1 Pankratz, J. M. and D. R. Collins DEGRADATION-bond: TC; application- hybrids
A COMPARISON OF 1% MG-Al AND 1% SI-Al Failure Rates
WIRE INTERCONNECTS DESCRIPTIVE
8th Annual Proc. Reliability Physics,
IEEE Catalog No. 70C59-PHY, pp. 163-
169, 1970. [also published in IEEE 70V1 Villella, F. and M. F. Nowakowski
Trans. Reliability, vol. R-19, pp. 89- INVESTIGATION OF FATIGUE PROBLEM IN
94, Aug. 1970J [2) (32) 1-MIL DIAMETER THERMOCOMPRESSION AND

FABRICATION-bond: US; wire: Al, Al/Mg ULTRASONIC BONDING OF ALUMINUM WIRE
Evaluation: wire NASA Technical Memorandum, NASA
Bonding Surface: topography TM X-64566, pp. 1-45, Nov. 30, 1970.

- DEGRADATION-bond: US; wire: Al/Mg N71--16494
Stress: thermal DEGRADATION-bond: TC, US; wire: Al, Au;
Part: device film: Al
Mechanism: contamination Stress:, thermal
EXPERIMENTAL Part: wire

Mechanism: fatigue
Test: pull; visual inspection (SEM)

70P2 Philofsky, E. Failure Rates
-- INTERMETALLIC FORMATION IN GOLD-ALUMINUM TEST

SYSTEMS Application: temperature cycle
Solid State Electron., vol. 13, pp. EXPERIMENTAL
1391-1399, Oct. 1970. [also 8th Annual
Proc. Reliability Physics Symp., pp.
177-185, 1970)
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70Wl Wilson, A. D., B. D. Martin, and abbreviated version] [1]
D. H. Strope TEST-bond: TC; wire: Au; film: Ag, Au;
HOLOGRAPHIC INTERFEROMETRY APPLIED TO application: plastic devices
NOTION STUDIES OF ULTRASONIC BONDERS Evaluation: thermal shock
IEEE Ultrasonics Symp., San Francisco, DEGRADATION-bond: TC; wire: Au; film: Au;
Calif., Oct. 21-23, 1970. [2) (34) application: plastic devices

FABRICATI(N-bond: US Stress: test (thermal shock)
Apparatus: design Part: bond; wire
Tool: oscillatirn Mechanism: thermal mismatch
Test: interferometry EXPERIMENTAL
DESCRIPTIVE

71B4 Bullis, W. M., Ed.
70W2 Wood, W. A. METHODS OF MEASUREMENT FOR SEMICONDUCTOR

FATIGUE CRACK INITIATION AS VIEWED BY VATERIALS, PROCESS CONTROL, AND DEVICES
SCANNING ELECTRON MICROSCOPY Quarterly Rpt. (Oct. 1-Dec. 31, 1970)
Contract N-00014-67-A-0214-O011, Rpt., NBS Technical Note 592. [see pp. 34-
Jan. 1970. AD 704789 45), [30) (29)

DEGRADATION TEST-bond: US; wire: Al; film: Al
Stress: mechanical Description: bond monitor
Part: wire Application: pull
Mechanism: fatigue FABRICATION-bond: US
ANALYTIC Apparatus: adjustment (US); design (US)

Rigidity: apparatus
Wire: mechanical characteristics

71B1 Bullis, W. N., Ed. DEGRADATION: bond: US; wire: Al; film: Al
METHODS OF MEASUREMENT FOR SEMICONDUC- Stress: process
TOR MATERIALS, PROCESS CONTROL, AND Part: bond; wire
DEVICES Mechanism: anneal
NBS Technical Note 571, Quarterly Rpt. Test: pull
(July 1-Sept. 30, 1970), April 1971. DESCRIPTIVE
[see pp. 23-32J [30) (29)

FABRICATION-bond: US; wire: Al; film: Al
Tool: design; oscillation 71D1 Dushkes, S. Z.
Rigidity: apparatus A DESIGN OF ULTRASONIC BONDING TIPS
TEST-bond: US; wire: Al; film: Al IBM J. Res. Develop., vol. 15, pp. 230-
Evaluation: pull 235, May 1971.
DEGRADATION-bond: US; wire: Al; film: Al FABRICATION-bond: US; wire: Au/CuBeO; film:
Stress: process Au/Cu; substrate: epoxy
Part: wire Tool: design; oscillation
EXPERIMENTAL Test: pull

EXPFRIMENTAL

71B2 Boylan, J. R.
THERMOCOMPRESSION BONDING 71GI Glass, R. A., T. G. Maple, and R. D. Wales
IEEE Intern. Cony. Digest, New York, INTERCONNECTION PROBLEM AREAS IN
Session 7C1, pp. 598-599, March 1971. MICROCIRCUITS
[2) IEEE Intern. Conv. Digest, New York,

FABRICATION-bond: TC, US; wire: Al, Au Session 5B, pp, 248-249, March 1971. [2]
Evaluation: TC, US; wire bond, temperature FABRICATION-bond: US; wire: Al; film-, Al, Au;

control substrate: Fe/Ni/Co
Procedure: TC Tool:o design
Tool: design (TC) Bonding Surface: contamination; film thickness;
Rigidity: terminal metal system; preparation
REVIEW Test.- pull, visual inspection

DEGRADATION-bond: US
Stress: process

71B3 Bevington, J. R., J. P. Cook, D. R. Part: wire
Little, and L. V. Ingle TEST-bond: US; wire: Al; film: Al
RELIABILITY EVALUATION OF PLASTIC IN- Correlation." pull, visual inspection
TEGRATED CIRCUITS EXPERIMENTAL
Rpt. (Jan. 9, 1969 to Sept. 9, 1970)
Contract No. F30602-69-C-0154, pp. 1-
154, Jan. 1971. AD 722043 [70Bl is
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71G2 Goldfar4, S. Apparatus: design
WIRE BONDS ON THICK FILM CONDUCTORS Tool: design, wear
Proc. Electronic Components Conf., Rigidity: apparatus, package
Washington, D. C., pp. 295-302, May Bonding Surface: topography
1971. [2] (36) REVIEW

DEGRADATION-bond: US; wire: Al, Au; thick
film: Au

Stress: thermal 71K1 Kalvelage, B. F.
Part: bond; wire A PNEUMATIC SHOCK TESTER FOR ELECTRON
Test: pull; resistance DEVICES
EXPERIMENTAL Solid State Technol., vc'. 14, pp. 57-

59, March 1971.
TEST

71HI Harman, G. G. and H. K. Kessler Description: mechanical shock
- APPLICATION OF CAPACITOR MICROPHONES DESCRIPTIVE

AND MAGNETIC PICKUPS TO TUNING AND
TROUBLE SHOOTING OF MICROELECTRONIC
ULTRASONIC BONDING EQUIPMENT
NBS Tech. Note 573, pp. 1-22, May 1971. 71KN2 King, C. M.(30] (29)DYNAM4IC SIMULATION OF AN ULTRASONIC[30] (29) ', WIRE BONDING TOOL

FABRICATION-bond: USWIEBNNGTO
ABRATION-bond Raytheon Report ER7I-4135, Contracts
Apparatus: adjustment N0003070-C0055 and N0003071-C0061,
Tool: adjustment, oscillation Jan. 25, 1971. (35)
Troible Shooin- TEST
DESCRIPTIVE Application: bond monitor

THEORETICAL

71H2 Haberer, J. R.
TECHNIQUES FOR DETECTING STRESS INDUCEDINTERMITTENT FAILURES IN ENCAPSULATED 71L1 Leyshon, W. E., and R. E. WarrDEVICES AN OVERVIEW OF HYBRID INTEGRATED CIR-

CUIT RELIABILITY PROBLEMS AND SOLUTIONS
IEEE Intern. Conv. Digest, New York,Sesson CJpp.612-13,Marh 171.IEEE Intern. Cony. Digest, New York,
Session 7CJ, pp. 612-613, March 1971. Session "CJ, pp. 606-607, March 1971.

TEST-bond: TC; wire: Au; application: DEGRADATION-application: hybrid devices
TESTbond T; ire: AStress: moisture; test (temperature cycle)
plastic devices

Description-, resistannre; temperature cycle Part: metallization, wire
Evaluation: resistance; temperature cycle Mechanism: contamination; corrosion; fatigue;

intermetallics
DEGRADATION-bond: TC; wire: Au; application: Test: resistance

plastic devices
Stress: moisture, test (temperature cycle)
Part: bond; metallization; wire
Mechanism: corrosion; thermal mismatch 71M1 Matcovith, T. J.EXPERIMENTAL71I acoihT..

INTERCONNECTIONS IN HYBRID CIRCUITS

IEEE Intern. Cony. Digest, New York,
71H3 Hart, R. R. Session 5B, pp. 240-241, March 1971.

A WIRE EXTENSOMETER FOR DETERMINING THE FABRICATION-bond: TC, US
MECHANICAL PROPERTIES OF FINE WIRES Evaluation: IEWe bond
Mater. Res. Std., vol. 11, pp. 26-28,
April 1971.

FABRICATION
Wire: mechanical characteristics 71N1 NASAEXPEreN mcaclLINE CERTIFICATION REQUIREMENTS FOR
EXPERIMENTAL MICROCIRCUITS

NHB 5300.4(3C), May 1971. (30]

71J1 Johannesen, F. TEST

- ULTRASONIC ALUMINUM WIRE BONDING Description: Mil-Std-883; pull; resistance;
visual inspection; visual inspection (SEM)

IEEE Intern. Cony. Digest, Session 7CI,
pp. 600-601, March 1971. Application: Mil-Std-883

FABRICATION-bond: US; wiref Al; film: Al, Au; Screening Procedures

substrate: Fe/Ni/Co STANDARD

Variables
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71N2 NASA TEST-bond: TC; wire: Au; film: Al, Au;
- TEST STANDARDS FOR MICROCIRCUITS application: hybrid devices

NHB 5300.4(3D), May 1971. [30) -Screening Procedures
TEST DEGRADATION-bond: TC; wire: Au; film: Al, Au
Description: mechanical shock; pull; resis- application: hybrid devices

tance Stress: test (centrifuge, mechanical shock,
STANDARD temperature cycle, thermal shock)

Part: bond, wire
EXPERIMENTAL

71P1 Philofsky, E.

DESIGN LIMITS WHEN USING GOLD-ALUMINUM
BONDS
9th Annual Proc. Reliability Physics
Symp., Las Vegas, IEEE Catalog No.
71-C-9-PHY, 1971. [2) (37)

FABRICATION-bond: TC, US; wire: Al, Au; film:
Al, Au

Bonding Surface: film thickness
DEGRADATION-bond: TC, US; wire: Al, Au;

film: Al, Au
Stress: test (temperature cycle); thermal
Part: bond; wire
Mechanism: fatigue; intermetallics
ANALYTIC I
71P2 Philofsky, E., R. Bowman, and W. Miller

ALUMINUM ULTRASONIC JOINING IN SPIDER
AND WIRE CONNECTIONS
Proc. Electronic Components Conf.,
Washington, D. C., pp. 289-294, May
1971. [2J (37)

FABRICATION-bond: US; wire. Al, film: Al
Theory: US
Evaluation: US
Bonding Surface: topography
REVIEW

71RI Ravi, K. V. and E. Philofsky
THE STRUCTURE AND MECHANICAL PROPERTIES
OF FINE DIAMETER ALUMINUM - 1 PCT SI
WIRE
Metallurgical Transacti is, vol. 2,
pp. 711-717, March 1971.

FABRICATION-bond:. TC, US; wire: Al
Evaluation. wire
Wire: mechanical characteristics
DEGRADATION-bond: TC, US; wire. Al
Stress: thermal
Part: wire
Mechanism: anneal; fatigue; grain growth
Test: pull
EXPERIMENTAL

71S1 Straub, R. J. and J. P. Farrell
THE EFFECTIVITY OF SCREENING HYBRID
MICROCIRCUITS PER MIL-STD-883
Proc. Electronics Components Conf.,
Washignton, D. C., pp. 17-26, May 1971.
[2] (38)
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Appendix A. Organization of Bibliography

Each entry has been given an id&eI6ication of the Index, key words that may require additional
code which consists of a sequence of two digits, definition are followed by clarifying notes, in
a letter, and another digit. The first two digits brackets, except for those for the test methods.
indicate the year of publication and the letter is Brief descriptions of the test methods may be found
the initial of the first author's surname. The in Tabe. 4. Here, key words for the test methods
last digit is used to distinguish those papers axe listed in alphabetical order with a brief de-
which would otherwise have the same code. No rule scription for each. The test methods listed are
was used in the assignment of the last digit. The not necessarily restricted to testing wire bonds.
papers in the bibliography are arranged according However, the descriptive phrases are directed to
to their codes. The codes are grouped first by the particular function described in the papers
year, then in alphabetical order by letter, and compiled.
then in numerical order by the last digit.

Readng poWaiy is suggested by giving promi-
Key WoAd& (or phrases) are listed beneath nence to those papers that are of such sccpe or

each reference in the bibliography to indicate the relative importance in a particular area that they
contents and approach of the paper. Three levels should be seen first. TI-ese papers are so indicat-
of key words are used to indicate the subject mat- ed by underlining the identification code for the
ter of the entries at three levels of detail, paper listed under the appropriate key word in the
These levels and the key words assignments are Key Word Index. They are also indicated by under-
discussed in Appendix D. A Key Wokd Index is pro- lining the code of the citation and the appropriate
•vided and presented in two parts. The first part key word(s) in the bibliography.
lists the key words in alphabetical order with the
page number where the same key word may be found Some citations are followed by notes which
in the second part of the Index. This second part refer to additional information intended to assist
lists the key words by subject area. With each in obtaining the referenced work. This and other
key word is a tabulation of literature citations information related to avaitabidity is included in
(using their identification codes). In both parts Appendix C.

A complete Authot Index is also provided.

Appendix B.: Sources for Bibliography and Abbreviations

The 6oultcu of the bibliography are listed in order to minimize any possible confusion, those
Tabte 1. Emphasis was placed on searching the re- journals abbreviated are listed in alphabetical
port and journal literature from 1965 to 1970. order by their abbreviations in Trbte 2. Addition-
Citations to much of the important earlier work al abbreviations are included which are used in
were found in the articles published during this citations to some conference meetings. Another
period. Another source of papers was a number of purpose of this Table is to indicate those jour-
restricted bibliographies, containing references nals which have been scanned completely at least
to unrestricted literature, and personal files, over the period from 1965 to 1970, inclusive.

They are indicated by an asterisk in the left-hand
The journal or conference abbmevwtaoti gen- margin.

erally follow those of the Chenkcat Abttct6. In

Appendix C. Availability

Some entries in the bibliography have availa- A number of other entries, generally to con-
bility notices after the citation to assist in ference papers, have the citation followed by a
procurement. number either in brackets or parentheses The

number refers to an address Jisted in Tabee 3. If
The citations to reports available from the the number is in brackets the address listed is one

NatonoI Techn•ica Infourntion SeAuice (•TIS), to which an order may be placed foi- the paper or
Sills Building, 5285 Port Royal Road, Springfield, the conference proceedings.- If the number is in
Virginia 22151, are followed by a number preceded parentheses the address is that of the first au-
by the letters AD or PB, or the letter N. This is thor's place of work at the time the paper was pub-
the NTIS Acession number which should be used when lished.
ordering.

49



TABLE 1. SOURCES FOR BIBILIOGRAPHY

1. Bibliographic search by the Defense Documen- 3. U. S. Patent search. Performed May, 1969.
tation Center, Cameron Station, Alexandria,
Virginia 22314. A data bank and a report 4. Scientific and Technical Aerospace Reports for
bibliographic search was performed in May, the years 1365-1970. Subject categories were:
1969 and updated in June, 1970. A two level electronics, electronic equipment, and phy:-ics.search strategy was used: level one-
1. integrated circuits, 2. microelectronics; 5. U. S. Government Research and Development Re-
level two - 1. circuit interconnect.ions, 2• for at least the period from 1969-1970.
2. bonding, 3. bonded joints, 4. ultrasonic Earlier entries would be inc-.;dc in item 1.
welding. Subject fields were electronic and electrical

engineering, methods and equipment, and physics
2. Bibliographic search by the Reliability Anal-

ysis Center, IIT Research Institute, 10 West 6. Journals in Table 2 that are preceded by an as-
35th Street, Chicago, Illinois 60616. Per- terisk. Issues of these journals published in
formed in June 1969. the period from 1965 to 1970, inclusive, were

examined.
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TABLE 2. ABBREVIATIONS AND JOURNALS SEARCHED

AIdE - American I.stitute of Mining, Metallurgical and Petroleum Engineers
ASME - American Society of Mechanical Engineers
ASTM - American Society for Testing and Materials
ASTME - American Society of Tool and Manufacturing Engineers
Appl. Phys. Lett. - Applied Physics Letters

*Bell Lab. Rec. - Bell Laboratories Record
*Bell System Technical Journal
Brit. Commun. Electron. - British Communication and Electronics
Brit. J. Appl. Phys. - British Journal of Applied Physics
Circuits Mfg. - Circuits Manufacturing
Conf. - Conference

*EDN - (formerly Electrical Design News)
*EE - (now, The Electronic Engineer; formerly, Electronic Industries)
*EEE
*Electron. Packag. Prud. - Electronic Packaging and Production
*Electron. Prod. - Electronic Products Magazine
*Electrcnic Design
*Electronic Engineer - The Electronic Engineer (formerly EE, formerly Electronic Industries)
*Electron.Lett. - Electronics Letters
*Electronics
*Electro-technol. - Electro-technology (New York)
Eval. Eng. - Evaluation Engineering

*IBM Journal of Research and Development
IEEE - Institute of Electrical and Electronics Engineers (formerly IRE)
IEEE Intern. Cony. Record - IEEE International Convention Record (formerly IRE . .

*IEEE Trans. Electron Devices -IEEE Transactions on Electron Devices (formerly IRE ..

*IEEE Trans. Nucl. Sci. - IEEE Transactions on Nuclear Science
*IEEE Trans. Pts. Materials Packaging - IEEE Transactions on Parts, Materials and Packaging
*IEEE Trans, Sonics dltrason. - IEEE Transactions on Sonics and Ultrasonics
*Industrial Research
*International Journal of Nondestructive Testing
Int. - International
IEC - International Electrotechnical Commission
IRE - Institute of Radio Engineers
IRE Intern, Cony. Record - IRE International Convention Record
IRE Trans. Elect.on Devices - IRE Transactions on Electron Devices
J. Appl. Phys. - Journal of Applitý Physics

*J. Electrochem. Soc. - Journal of Lhe Electrochemical Seciety
J,, Sci. Instrum. - Journal of Scientific Instruments
M;.ter.: Eval. - Materials Evaluation

*Mater, Res. Std, - Materials Research and Standards
Metals Eng.; Quart. - Metals Engineering Quarterly

*Microelectronics and rillability
Nat. Electron. Conf. - Rational Electronics Conference
Mfg. - Manufacturing
NEPCON - National Electronic Packaging and Production Conference
Philips Tech. Rev. - Philips Technical Review
Proc, IEEE - Proceedings of the Institute of Electrical and Electronics Engineers

*Prod. Eng. - Product Lngineering
*RCA Review
*Rev. Sci. Instr. - The Review of Scientific Instruments

Rev. Elec. Commun. Lab, - Review of the Electrical Communicatic- ' )orratory. Tokyo. (Denki Tsushin
Kenkyujo)

SAE - Society of Automotive Engineers
Semicond, Prod., - Semiconductor Products

*Semicond. Prod. Solid State Technol. - Semiconductor Products - . Sulid State Technology
Soc. - SocietyI *Solid State Abstracts

*Solid State Ej.ectron. - Solid State Electonics
Solid State Technol. - Solid Stuae Technology

Symp. - Symposium
Technol. - Technology

*Trans,, Met. Soc. AIME - Transactions of the Metallurgical Society of the AIME
*Ultrasonics
Welding J., - Welding Journali WESCON - Western Electric Show and Convention

*Journals searched completely for period 19b5-1970.
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TABLE 3. AVAILABILITY NOTES

[1] U. S. Naval Publications and Forms Center, 5801 Tabor Avenue, Philadelphia, Pennsylvania 19120.
[2] Publications Sales Department, The IEEE, 345 Eajt 47th Street, New York, New York 10017.
[3] American National Standards' Institute, Inc., 1430 Broadway, New York, New York 10018.
[4] Industrial and Scientific Conference Management, Inc., 222 West Adams Street, Chicago, illinois

60606.
(5) Uthe Technology, Inc., 670 Almanor Ave., Sunnyvale, California 9408b.
(6] Illinois Institute of Technology, Chicago, Illinois 60606.
[7] ASME Order Dept., 345 47th Street, New York, New York 10017.
[8] American Welding Society, 345 East 47th Street, New York, New York 10017.
[9] Technology Utilization Division, NASA, Code UT, Washington, D. C. 20546.

[10] Gordon and Breach, Science Publishers, Inc., New York, New York 10001.
(11] ASTM, 1916 Race Street, Philadelphia, Pennsylvania 19103.
(12) MIT Instrumentation Laboratories, Cambridge, Massachusetts 02142.
(13) North American Aviation/Autonetics, Anaheim, California 92833.
(14) Norden Division of United Aircraft Corp., Norwalk, Connecticut.
(15) Philco-Ford Corp., Microelectronics Div., Blue Bell, Pennsylvania 19422.
(16) Westinghouse Electric Corp., Baltimore, Maryland.
(17) Weltek Div., Wells Electronics Inc., South Bend, Indiana.
(18) Aeroprojects Inc., West Chester, Pennsylvania.
(1.9) Weldmatic Div., Unitek Corp., Monrovia, California.
(20) Martin Marietta Corp., Quality Engineering Dept., Orlando, Florida.
(21) Lockheed Missiles and Space Co., Lockheed Palo Alto Research Laboratories, Palo Alto, California

94304,
[22] Sandia Labs., Albuquerque, New Mexico 87115.
(23) Hughes Aircraft Co., Welder Dept., Oceanside, C21ifornia 92054.
(24) United Aircraft Carp., Electronic Components Div., Trevose, Pennsylvania.
(25) Westinghouse Defense and Space, Mfg., Research and Development, Baltimore, Maryland,,
(26) McDonnell Douglas Astronautics Co., Western Div., Santa Monica, California.
(27) RADC, Griffiss Air Force Base, Rome, New York 13440.
(28) Fairchild Semiconductor, Research and Development Laboratories, Palo Alto, California 94304.
(29) National Bureau of Standards, Washington, D. C, 20234.
[30) Superintendent of Documents, U. S. Government Printing Office, Washington, D. C. 20402.
(31) Lockheed Missiles and Space Co., Sunnyvale, California.
(32) Texas Instruments, Inc., Dallas, Texas 75222.
(33) AC Electrics Div., General Motors Corp., Milwaukee, Wisconsin.
(34) IBM Corp., Endicott, New York 13760.
(35) Raytheon Co., Sudbury, Massachusetts 01776.
(36) RCA, Somerville, New Jersey 08876.
(37) Motorola Inc., Phoenix, Arizona 85008.
(38) Delco Electronics Division, General Motors Corp., Milwaukee, Wisconsin.
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Appendix D. Key Word Selection and Use

Thue teveb o0 key wo'k46 are used in the bib- pect of the fabrication of wire bonds then the
liography to indicate the subject material in the first-level key word FABRICATION is used. The
works compiled, each successive level being less 6ee!ond-frvet key words that have been selected are
broad in scope. To help identify key words of dif- as follows: Theoky, Evatuation, Ptoceduie, Sehed-
ferent levels, all the letters are capitalized for Lte, IV'aitb , Appautm, Con.tsot, Toot, Rigidity,
first-level key words while only the first letter Wite, Bondi" Suw~ace, TeAt, and TAoubte Shooting.
of the second-level key words is capitalized. The Without mentioning the third-level key words in any
third-level key words are all in lower-case, detail, the meaning and intent of the above listed

second-level key words will now be indicated. The
FiUt-Ltvet key words are used to indicate key word TheZokJ relates to the theory of making a

general subject areas discussed; they are TEST, bond while Evatuation relates to the evaluation of
FABRICATION, and DEGRADATION. One or more of these such things as the type of bonding process, the
key words may be used, depending on the contents type of bond, the metal systems used, etc. The
of the work. The order of listing is meant to in- key word PW0ceduke refers to the procedures or
dicate the relative emphasis given each area if steps in making a particular type of wire bond.
more than one is listed. The key word Schedute refers to the optimization

of the fabrication processes and procedures for
The kid oJ wiAe bon& involved in the discus- making wire bonds, while the key word VaAiabte6

sions of a given subject is described by a series refers to the effects that specific variables have
of deacpto0 arranged on the same line a..d fol- on the quality or strength of a wire bond. The
lowing the first-level key word describing the key word Appa•ili refers to the bonding machine
subject area. The descriptions that may be used, and its accessories; Conttol refers to the import-
depending on what is discussed, are: bond, wtAe, ance of controlling specific parameters; Toot re-

6itm, tick ditm, ahu6twtte, and apptication. They fers to the tool used to press against the wire
refer, respectively, to the bond involved; the wire while the bond is made; Rigidity refers, generally,
material; the metallization film(s) on the bonding to the importance of mechanical rigidity and po-
surface or the material on which the wire is bond- sitional control in the fabrication of the wire
ed if no metallization film is used; the thick-film bond; WiAe refers to the wire used; and Bonding
(- 1 tim) conductive composition, if used; the sub- Su44ace to the characteristics of the bonding sur-
strate material under the conducting film; and the face pertinent to good bonding. If test methods
application or use of the wire bond in hybrid cir- are used to evaluate the fabrication procedures
cuits or plastic devices. Following each of these their key words are listed after TeSt. Finally,
descriptors are symbols or words to indicate the if the entry discusses hints or methods for locat-
kinds of bonds, materials, and applications that ing and correcting deficiencies in the fabricating
are used or discussed., If the comments are of a procedures, the key word TOub0e Shoot•ng will be
general nature and no particular wire bond is men- used.
tioned in the entry then descriptors are not given.

If material in the entry deals with some aspectfis-ee e odTS slse ne the entry thendlee keyrptr word that haeieevelctd.r

If a test method is discussed in the context of the degradation or failure of wire bonds then
of testing or evaluating the wire bond then the the first-level key word DEGRADATION is used., TheSfirst-level key word TEST is listed under the entry second-tevet key words that have been selected are

in the bibliography, As appropriate, one or more as follows: StAUe, Pwak, Mechanism, Te.t, and
of the following 6econd-feeve key words is listed FaZite RateA. The third-level key words for the
below TEST:. Dueiption, Evatuation, Coh.teation, first three of these were selected to be more
Appt•.ction, P]'tecautionu, and Sc•eening P'wcedwtei; specific in terms of, respectively, (1) the kind
in that order. The key words (third-level) for the of stress that produces a weakened wire bond as a
test methods are arranged in alphabetical order result of the fabrication process or that results
after and on the bame line with the appropriate in degradation or failure of an already completed
second-level key words listed above. If the entry wire bond; (2) the part or component, primarily of
describes a test method in any detail, the key word the wire bond, that is or has been affected by the
for the method will follow Description; if it eval- stress; and (3) the mechanism, if defined, that is
uates the methods the key word will follow Evalua- involved in the degradation or failure. If a test
ticn; if it presents correlation information with method is used to detect or measure this degrada-
other methods for the same type of wire bond, then tion or failure then the key words of the test
key words for these methods will follow Correlation. methods used will follow Test., If general reli-
If the material in the entry is or may be applica- ability data, such as failure rates of specific
ble to a test method, its key word will follow Ap- kinds of wire bonds under specific conditions or
plication, while if the material deals with pre- stress, are included in the entry then the key
cautions in the use of a method its key word will word Failure Rates is used; third-level key words
follow Precautions., Finally, if the material in follow to indicate if the information pertains to
the entry deals with procedures in which several thermocompression or ultrasonic wire-bonds, or if
tests are performed as a means of culling out weak the kinds of wire bonds are not indicated.
wire bonds then Screening Procedures will be list-
ed without an indication of the test methods in- The 6L't•-teeve key words used to indicate the
volved. approach or the type of the entry ac-e ANALYTIC,

DESCRIPTIVE, EXPERIMENTAL, and THEORETICAL; and
If material in the entry deals witn some as- PATENT, REVIEW, and STANDARD. Only one of these

key words is used and it is listed last.
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TABLE 4. TEST METHODS AND BRIEF DESCRIPTIONS

air blast pull (nondestructive)
A jet of gas, usually air or nitrogen, is di- The wire is pulled by a probe to a predeter-
rected at the wire. mined tensile stress.

bond monitor radlotracer
Some measure of the mechanical coupling between Radiotracers are used to detect the distribu-
the tool, wire, and metal film is monitored :ion of contaminants and to study interfacial
during ultrasonic bonding. displacements.

centrifuge resistance
A constant centrifugal force is applied to the The contact or bond-interface resistance is
device. measured (directly or indirectly).

electrical parameter temperature cycle
A device performance test is used to determine The device is exposed alternately between two
device degradation caused in some way by the temperature extremes to test the ability of
wire bond. the wire bond to sustain the mechanical stres-

ses that result from differences in the thermal
electron microprobe coefficients-of-expansion of the constituent

An electron microprobe is used to identify con- parts.
taminants in the wire bond. thermal shock

IR monitor Same as temperature cycle except that the trans-
The infrared radiation from a bond is us-d to fer time between temperature extremes is short-
obtain a measure of the thermal resistance of er•
the bond interface and hence the area of con-
tact and the quality of the bond of the wire to US probe
the bonding surface. Ultrasonic energy is used to test (probe) the

mechanical quality of bonds.
i nterferometry

The motion of ultrasonic bonding tools and ve- US stress
locity transformers in ultrasonic bonding ma- Ultrasonic energy is used to stress wire bonds.
chines is studied with use of interfeometry.

vibration (fatigue)
mechanical shock The device is vibrated at a fixed frequency for

A large, short-duration deceleration is applied long periods of time at a relatively low maxi-
to the device, mum acceleration level.

mechanical shock (radiation-induced) vibration (monitored)
The absorption of a short pulse of high-energy The electrical parameters of the device are
electrons in a plate fastened to the base of monitored while it is being vibrated.
the device header is used to generate t'ermally-
induced stress waves which are used to stress vibration (variable frequency)
the wire bond.. The device is vibrated thru a frequency oange

at a relatively constant, maximum acceleration,
metallurgical exam

The structure and interface of wire bonds are visual inspection
examined metallurgically. Wire bonds are examined under a microscope to

determine if they conform to predetermined
Mil-Std-750B criteria of physical appearance, location, and

Military standard test methods for discrete orientation.
devices. visual inspection (SEM)

MlI-Std-883 The same as the visual inspection test except a
Military standard test methods for .,.tegrated scanning electron microscope (SEM) is used.
circuits,

x-ray exam
noise X-rays are used to look for abnormalities in wire

Electrical noise measurements are used to detect routing and orientation in encapsulated devices.
abnormalities in the wire bond,,

photoelastic stress analysis
Stress distributions in the vicinity of the
bond are studied,

pull
The wire is pulled by a probe, usually hDok-
like, until sau3 part of the wire bond ruptures.,
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